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ABSTRACT 

The r e s e a r c h  program desc r ibed  i n  t h i s  r e p o r t  has  been suppor ted  by g r a n t s  
from t h e  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion  (NASA Research Grant 
NSG-495), The Na t iona l  Sc ience  Foundation (NSF Grant  NSF-G244+2), The O f f i c e  of 
Navai Research (NR 047-052), The Of f i ce  of the  Deputy D i r e c t o r  f o r  Research and 
Engineer ing ,  Departmen; o f  Defe.nse (N 0O014-66-C002OA01), The Pub l i c  Heal th  Se r -  
vice (LM 00098-Ol), The McKinsey Foundation, and i n t e r n a l  f e l lowsh ip  and re- 
s e a r c h  funds. P rogres s  on each of the  p r o j e c t s  (sub-programs) included i n  t h e  
program dur ing  1965-66 is  repor t ed .  
s i n c e  t h e  1965 AnnuaLReport and a cumulative l i s t  f o r  the per iod  1960-1966 a r e  
g iven  by i n d i v i d u a l  p r o j e c t .  
August 1965-September 1966 are l i s t e d .  

A list of papers  and p u b l i c a t i o n s  completed 

Personnel  a s s o c i a t e d  wi th  the  program i n  the  p e r i o d  

The p r o j e c t  numbers and t i t l e s  a r e  c o n s i s t e n t  w i th  the l i s t i n g  i n  t h e  1965 
The c u r r e n t l y  a c t i v e  p r o j e c t s  Annual Report .  One new p r o j e c t  has  been added. 
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INTROXJCTION EY THZ PRINCIPAL INVESTIGATOR 

The Program of  Research on t h e  Management of  Research and Development its i n  
i t s  seventh  year  a t  Northwestern Univers i ty .  It i s  n o t  formal ly  organized  a s  a 
s e p a r a t e  i n s t i t u t e  o r  c e n t e r ,  bu t  i s  an  i n t e g r a l  p a r t  of  t h e  teaching  and researct-  
a c t i v i t i e s  of  t h e  Department o f  I n d u s t r i a l  Engineer ing  and Management Sc iences .  
Thus f a r ,  a l l  i n v e s t i g a t o r s  involved i n  the  program have been e i t h e r  t e a c h e r s  o r  
s t u d e n t s .  I n  most cases the  involved f a c u l t y  ( i n c l u d i n g  t h e  p r i n c i p a l  i n v e s t i g a -  
t o r )  c a r r y  f u l l  t each ing  loads  during t h e  academic yea r  and devote  t h e i r  r e s e a r c h  
time dur ing  t h a t  pe r iod  and t h e i r  f u l l  t i m e  du r ing  t h e  summer t o  t h e  program. 

I n  a d d i t i o n ,  t he  g radua te  s tuden t s  involved are g e n e r a l l y  engaged i n  f u l l  
time s tudy  and p a r t i c i p a t e  i n  t h e  program e i t h e r  as r e s e a r c h  a s s i s t a n t s  o r  a s  
p a r t  of  t h e i r  t h e s i s  and d i s s e r t a t i o n  r e sea rch .  

These f a c t o r s  d i c t a t e  a n  "academic" t i m e  s c a l e  f o r  t h e  v a r i o u s  p r o j e c t s  i n  
t h e  program, r a t h e r  t han  a n  " i n d u s t r i a l  R & lS' t i m e  s c a l e .  I n d i v i d u a l  sub-s tudies  
may s t r e t c h  over  s e v e r a l  y e a r s  t o  accommodate a Ph.D. program of one 6f t h e  inves-  
t i g a t o r s .  
terested s tuden t  o r  s t a f f  member t o  des ign  and conduct  a r e l e v a n t  s tudy .  
t h e  p r o j e c t s  and t h e  i d e a s  behind them a r e  10-15 y e a r s  o l d ,  a l though i n  some 
c a s e s ,  on ly  one o r  two s u b - s t u d i e s  have been performed. Others  are r e l a t i v e l y  
new (3-5 yea r s )  bu t  a g r e a t  d e a l  of e f f o r t  has  been expended on them and a l a r g e  
number of sub - s tud ie s  have been undertaken.  

Some p r o j e c t s  and i d e a s  l a y  dormant f o r  s e v e r a l  y e a r s  awa i t ing  an  rn- 
Some of 

I n  a number of c a s e s ,  s eve ra l  i nd iv idua l  t h e s e s  and s t a f f  s t u d i e s  have been 
grouped, f o r  r e p o r t i n g  purposes ,  under one p r o j e c t  heading. An example i s  t h e  
p r o j e c t  e n t i t l e d  "Lia ison  Rela t ions ."  C u r r e n t l y  t h e r e  are f o u r  d i s t i n c t  sub- 
s t u d i e s  under way i n  t h i s  area. Two involve  a t h e s i s  o r  d i s s e r t a t i o n ,  one i s  a 
p r e - d i s s e r t a t i o n  s tudy ,  and one is  a s t a f f  s tudy .  They a r e  designed t o  g e n e r a t e  
o r  t e s t  d i s t i n c t  b u t  r e l a t e d  models and p r o p o s i t i o n s .  A s  a r e s u l t  of  t h e  model- 
b u i l d i n g  and p ropos i t i on - fo rma t ion  i n  these  f o u r  s t u d i e s ,  and the  i n t e r a c t i o n  
among the  i n v e s t i g a t o r s ,  a more coherent  p i c t u r e  i s  beginning t o  emerge of  t h e  
ba s i c  na t u r e  of t h e  
phenomenon i n  Research and Development. 

1 i a  i son,  t r a n s  i t ion  , 'I  i n t e r  f a c e ,  o r  'I techno logy t r a n s  f e r  ' 

On the  o t h e r  hand, two of  our  c u r r e n t l y  most a c t i v e  p r o j e c t s  involve  de- 
t a i l e d  des ign  of  l a r g e  s c a l e  "real-time" s t u d i e s  which are expected t o  con t inue  
f o r  s e v e r a l  y e a r s  as s t a f f  s t u d i e s ,  w i t h  t h e s e s  and d i s s e r t a t i o n s  sp inn ing  o f f  
from them. 

Three methodological  t r e n d s  a r e  becoming dominant i n  ou r  s tudy  des igns .  One 
is  t h e  "real-time" s tudy ,  where da t a  is  c o l l e c t e d  over  a pe r iod  of  y e a r s ,  whi le  
t h e  even t s  o f  i n t e r e s t  a r e  occur r ing .  P r o j e c t s  1, 7 ,  9,  and 10 a r e  examples of 
such  e f f o r t s .  Another is  t h e  a t tempt  t o  conduct  exper iments  i n  the  f i e l d  - i n  
o p e r a t i n g  R 6 D l a b o r a t o r i e s .  
changes i n  the  environment o f  t h e  o r g a n i z a t i o n s  we  a r e  s tudy ing ,  f o r  purposes  o f  
s t u d y i n g  t h e  e f f e c t s  o f  change. 
t h i r d  is exper iment ing  wi th  "remote" d a t a  c o l l e c t i o n  methods. Th i s  is d i scussed  
f u r t h e r  under p r o j e c t s  12 and 13 d .  

This i nvo lves  a t t e m p t i n g  t o  make exper imenta l  

Projects 9 and 10 involve  such a t t e m p t s .  The 

A l b e r t  H. Rubens te in  

P ro fes so r  of  I n d u s t r i a l  Engineer ing  
and Management Sc iences  
September,  1966 I 

I 
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CHARACTERISTICS OF NORTHWESTERN'S PROGRAM OF RESEARCH ON THE MANAGEMENT OF 

RESEARCH AND DEVELOPMENT 

1. Focus on R and D Management: 
upon i n c r e a s i n g  our  understanding of t h e  R and D management p rocess .  

O u r  r e sea rch  program i s  focused s p e c i f i c a l l y  

2. Management Science S e t t i n g :  The ideas ,  t h e o r i e s ,  and techniques of many 
p e r t i n e n t  f i e l d s  have been brought to bear  on t h i s  r e s e a r c h  a r e a  a t  North- 
wes te rn  through the  d i v e r s e  t r a i n i n g  and expe r i ence  of our f a c u l t y  and 
advanced g radua te  s t u d e n t s .  These f i e l d s  inc lude  most branches of engineer-  
i ng ,  p h y s i c s ,  economics, o p e r a t i o n s  r e s e a r c h ,  soc io logy ,  psychology, b u s i n e s s  
a d m i n i s t r a t i o n ,  and i n d u s t r i a l  management. The  l o c a t i o n  of t h i s  r e s e a r c h  
program i n  t h e  Department of  I n d u s t r i a l  Engineer ing and Management Sciences 
i n  t h e  eng inee r ing  school a t  Northwestern p rov ides  a very important environ-  
mental  a s s e t .  The fou r  major teaching and r e s e a r c h  a r e a s  of t h e  department 
i n c l u d e  t h e s e  c r i t i c a l  sub- f i e l d s  i n  Management Science: Operat ions Research;  
In fo rma t ion  Sc iences ;  Organ iza t ion  Theory; and Systems Analysis .  S tuden t s  
and s t a f f  members i n  t h e  r e s e a r c h  program p a r t i c i p a t e  i n  a l l  of t hese  a r e a s .  
The program i s  an i n t e g r a l  p a r t  of  the Organ iza t ion  Theory a r e a  of the 
Department . 

3 .  A Basic  and Applied Approach: Our program may be desc r ibed  a s  b a s i c  r e s e a r c h  
i n  t h e  Management Sc iences .  However, i t  i s  a l s o  a n  app l i ed  r e s e a r c h  program 
w i t h  r e s p e c t  t o  t h e  s p e c i f i c  problems of  managing r e s e a r c h  and development. 
That i s ,  w e  have s e l e c t e d  t h e  s p e c i f i c  p r o j e c t s  i n  ou r  program on the b a s i s  
of  t h e i r  importance i n  t h e  p r a c t i c e  of r e s e a r c h  management. We b e l i e v e  t h a t  
t h i s  s e t  of problems r e p r e s e n t s  key i ssues  i n  R and D management, and t h a t  
i n c r e a s e d  understanding of them w i l l  c o n t r i b u t e  t o  s i g n i f i c a n t  improvements 
i n  t h e  a r t  of R and D management i n  a l l  kinds of i n s t i t u t i o n a l  s e t t i n g s .  

4 .  An I n t e g r a t e d  Approach t o  the S e t  of P r o j e c t s :  Our method of o p e r a t i o n  con- 
s i s t s  of  a n  i n t e g r a t e d  approach t o  the whole s e t  of p r o j e c t s  by ou r  r e s e a r c h  
s t a f f .  Many of t he  s p e c i f i c  p r o j e c t s  grew o u t  of o t h e r  ones i n  our program 
and t h e r e  is  c o n t i n u a l  feedback and coope ra t ion  between members of t he  s t a f f .  
That i s ,  w e  do no t  work i n  i s o l a t i o n  on s e p a r a t e  p r o j e c t s .  R e s u l t s  on one 
p r o j e c t  a r e  c o n t i n u a l l y  made a v a i l a b l e  t o  people  working on t h e  o t h e r s .  
p r i n c i p a l  i n v e s t i g a t o r  i s  d i r e c t l y  involved i n  a l l  of t he  s t u d i e s  i n  the  pro-  
gram and each of t he  o t h e r  f a c u l t y  members i s  d i r e c t l y  involved i n  a t  l eas t  
two p r o j e c t s  and i n d i r e c t l y  i n  o t h e r s .  

The 

5 .  Each P r o j e c t  Cont inuing and Cumulative: Each p r o j e c t  i n  the program i s  
r e a l l y  a sub-program i n  i t s e l f ,  comprising a number of d i s t i n c t ,  but  r e l a t e d  
s t u d i e s ,  over  a pe r iod  of yea r s .  T h i s  h a s  p e r m i t t e d  knowledge and r e s e a r c h  
methods t o  cumulate.  Examples are t h e  I d e a  Flow s tudy  which has  involved 
( t h r o u g h  September, 1966) seven theses  and d i s s e r t a t i o n s ,  as we l l  a s  a number 
o f  n o n - t h e s i s  s t a f f  s t u d i e s .  The Technical  Achievements s tudy  h a s  produced, 
s i n c e  1958, t h r e e  d i s t i n c t  publ ished s t a f f  s t u d i e s  p re l imina ry  t o  t h e  one 
now be ing  completed.  The P r o j e c t  S e l e c t i o n  s tudy  has involved f i v e  t h e s e s  
and d i s s e r t a t i o n s  s i n c e  1957 and s e v e r a l  s t a t f  s t u d i e s .  
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PERSONNEL ASS9CIATED WITH PROGRAM - AUGUST 1965-SEPTEMBER 1966 

P r i n c i p a l  I n v e s t i g a t o r  

A lbe r t  H. Rubenstein,  P ro fes so r  of I n d u s t r i a l  Engineer ing and Management 
Sciences 

Other Northwestern U n i v e r s i t y  F a c u l t y  and S t a f f  

Arthur P. Hur t e r ,  Assoc ia t e  P ro fes so r  of I n d u s t r i a l  Engineer ing and 

Michael Radnor, Assoc ia t e  P ro fes so r  of Business Admin i s t r a t ion  and Research 

Gustave J .  R a t h ,  Assoc ia t e  P ro fes so r  of  I n d u s t r i a l  Engineer ing and 

Jack  Siegman, Research S o c i o l o g i s t  i n  I n d u s t r i a l  Engineer ing and L e c t u r e r  

Char l e s  W.  N. Thompson, Research Engineer i n  I n d u s t r i a l  Engineer ing and 

Management Sciences 

Engineer i n  I n d u s t r i a l  Engineer ing.  

Management Sc i enc  e s 

i n  Sociolngy 

Management Sc iences  

Consu l t an t s  

Robert W.  Avery, A s s o c i a t e  P ro fes so r  of  Sociology,  U n i v e r s i t y  of  P i t t s b u r g h  
Frank Baker, Research Assoc ia t e  i n  Psychology, Harvard Medical School 
Norman R .  Baker, A s s i s t a n t  P ro fes so r  of I n d u s t r i a l  Eng inee r ing ,  Purdue 

Dawson E .  Brewer, A s s i s t a n t  P r o f e s s o r  o f  Business  Admin i s t r a t ion ,  

Richard W .  Trueswell ,  Head of Department of I n d u s t r i a l  Eng inee r ing ,  Univer- 

Un i v  e r s i t y 

U n i v e r s i t y  of C a l i f o r n i a ,  Berkeley 

s i t y  of Massachuset ts  

Research A s s  i s  t a n t s  

4 Alden Bean4 Daniel  L ,  Kegan'! Robert  B.  Mart in  
Gary Bryan1 John F. K o t t a s 3  W i l l i a m  C .   MOO^^ 
Albert  A .  Denton Jon  A .  Larson4 Kent Pe te r son3  
W i l l i a m  L. E t te r4  Rosec l a i r e  Lavery3 Senniappe Rathnasamyl 
Richard C .  Hannenberg3 Ralph J .  L e w i s  1 David J .  Werner3 
Steven R .  Kennedy 3 Dennis McCarthyl Ea r l  C .  Young4 3 

1 Summer A s s i s t a n t  o n l y  3 A s s i s t a n t  d u r i n g  Summer 

2 A s s i s t a n t  du r ing  Academic 4 Assistant d u r i n g  Summer and f e l -  

Joy  H. Zweigler ..................... 
and Academic Year 

low d u r i n g  Academic Year Year only 

Other Associated Graduate  S t u d e n t s  

W i l l  iam Ba t c  he l o r  Charles F. Douds C h a r l e s  Lapp 
(Owens Corning F i b e r g l a s s )  James Graham (Southern Railway) 
John W. Bonge John  McColly Robert  D. O'Keefe 

C l i f f  Young (Esso R & D) 



CODE FOR AVAILABILITY OF PUBLICATIONS, REPORTS, AND WORKING PAPERS 
~ 

- Note: P u b l i c a t i o n s ,  Reports ,  and Working Papers f o r  t he  pe r iods  (1) Sep- 1965 
S e p t e m b e r  1966 and (2) 1960-1965 are l i s t e d  under each p r o j e c t .  The number p re -  
ceding t h e  l i s t i n g  ( e . g . ,  65/4) i s  our document number. The degree of a v a i l a b i l -  
i t y  of each i t e m  i s  i n d i c a t e d  by the  fol lowing code: 

AP: Avai l ab le  f o r  d i s t r i b u t i o n ;  supply p l e n t i f u l  
AS: A v a i l a b l e  f o r  d i s t r i b u t i o n ;  supply s m a l l  * 

L: Limited d i s t r i b u t i o n  * 
F: F i l e  copy on ly ;  a v a i l a b l e  on two-week loan * 
* A b s t r a c t s  of  a l l  t h e s e s  and d i s s e r t a t i o n s  are given 

i n  t h e  l a s t  s e c t i o n  of t h i s  r e p o r t .  



6 

1. IDEA FLOW I N  RESEARCH AND DEVELOPMENT 

Object ive:  These s t u d i e s  grew o u t  o f  t h e  d e c e n t r a l i z a t i o n  p r o j e c t .  T h e i r  
focus was almost e n t i r e l y  w i t h i n  the l a b o r a t o r y  i t s e l f ,  i n  most cases en- 
compassing t h e  company's e n t i r e  R & D e f f o r t .  The o b j e c t i v e s  of  t h e s e  
s t u d i e s  were t o  d e s c r i b e  and, hope fu l ly ,  make u s e f u l  p r e d i c t i o n s  about  t h e  
way i n  which t e c h n i c a l  i d e a s  f o r  new R & D p r o j e c t s  are o r i g i n a t e d ,  com- 
municated, and disposed o f .  The o v e r a l l  des ign  included i n d i v i d u a l  organ- 
i z a t i o n  s t u d i e s  and comparative s t u d i e s .  F i e l d  i n v e s t i g a t i o n s  were con- 
ducted i n  a number o f  companies which v a r i e d  i n  s i z e ,  i n d u s t r y ,  and s t r u c -  
t u r e .  Among the  techniques used were s e v e r a l  k inds  of  questionnaires and 
i n t e r v i e w s ,  examination of i n t e r n a l  documents, and, i n  s e v e r a l  s i t e s ,  d i r e c  
obse rva t ion .  

The gene ra l  r e s e a r c h  q u e s t i o n s  s o q h t  a w w e r s  t c  the  fo??cwir?g: 
1) t he  sou rces  of  i d e a s ;  2) t he  c r i t e r i a  used by v a r i o u s  o r g a n i z a t i o n a l  
l e v e l s  and f u n c t i o n a l  groups i n  e v a l u a t i n g  i d e a s ;  3) t h e  e f f e c t s  of  i n d i v i -  
dua l  backgrounds on c r i t e r i a  used and behavior  w i t h  r e s p e c t  to  i d e a  o r i g i -  
n a t i o n  and t r ansmiss ion ;  4 )  o r g a n i z a t i o n a l  procedures  f o r  hand l ing  i d e a s ;  
and, 5) t he  d e c i s i o n  p rocesses  a t  v a r i o u s  s t a g e s  of  t r a n s m i s s i o n  o r  d i s p o s i  
t i o n  of  i d e a s .  

Supported by: 
Space Admin i s t r a t ion .  

Na t iona l  Science Foundat ion and Na t iona l  Aerounaut ics  and 

P r o j e c t  Leader: J ack  Siegman. 

Progress  September 1965-September 1966: 

1) F u r t h e r  d a t a  was c o l l e c t e d  i n  a European R and D l a b o r a t o r y  f o r  compar- 
i son  with s imilar  American R and D l a b o r a t o r i e s  w i t h  r e s p e c t  to:  
o r i e n t a t i o n s  of s c i e n t i s t s ;  p e r c e p t i o n s  of  g o a l s  and means, t h e  i d e a  sub- 
mission and acceptance p r o c e s s ;  c o n t r o l  mechanisms. 

2)  Con t inua t ion  of  P r o j e c t  S e l e c t i o n  s t u d i e s  d i r e c t l y  stemming from p rev io l  
r e s e a r c h  and f i n d i n g s  i n  the  I d e a  Flow s t u d i e s .  
t hose  f a c t o r s  a f f e c t i n g  t h e  d i s p o s i t i o n  of i d e a s  f o r  p r o j e c t s .  

3 )  F i e l d  work cont inued i n  f i v e  companies on d i f f e r e n t  phases  of  I d e a  Flow. 

r o l e  

Major emphasis he re  i s  on 

4 )  One Ph.D. d i s s e r t a t i o n  and two M.S. t h e s e s  are i n  p r o g r e s s  which w i l l  
u t i l i z e  some of t h e  f i e l d  d a t a  c o l l e c t e d  above. 

5) Two i n v i t e d  p a p e r s  were p r e s e n t e d  a t  p r o f e s s i o n a l  meet ings and o t h e r s  
are i n  p rogres s  f o r  p r e s e n t a t i o n  i n  t h e  n e a r  f u t u r e .  

6) Two p a p e r s  have been submi t t ed  f o r  p b b l i c a t i o n .  

O v e r a l l  P rogres s  1962-1966: 
pe r iod  of t he  p r o j e c t  i s  d e s c r i b e d  below i n  terms of a number of s u b - s t u d i  

The s p e c i f i c  r e s e a r c h  performed d u r i n g  t h e  

i n  the  p r o j e c t .  
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1 .  
and T ime  Horizons: 
produced by t h r e e  idea  gene ra t ing  groups.  Two s p e c i f i c  purposes were: 
(1) To r e l a t e  t h e  d i s p o s i t i o n  of t hese  ideas  t o  t h e  s u b j e c t i v e  evalua-  
t i o n s  of  "goodness" placed on each idea  d u r i n g  each group 's  time span; 
and, ( 2 )  To s tudy  t h e  r o l e  o f  urgency, p r e d i c t a b i l i t y ,  and time h o r i -  
zons on t h e  d i s p o s i t i o n  of these ideas .  Findings:  ( 1 )  A s i g n i f i c a n t  
and p o s i t i v e  r e l a t i o n s h i p  w a s  found between s u b j e c t i v e  e v a l u a t i o n s  and 
a c t u a l  i d e a  d i s p o s i t i o n s .  
t h e  g r e a t e r  t he  l i k e l i h o o d  of  an idea be ing  accepted a s ,  o r  p a r t  o f ,  a 
p r o j e c t  i n  c o n t r a s t  t o  t hose  ideas  which were eva lua ted  lower. (2) It 
was a l s o  found t h a t  the urgency o f  t h e  need which the  i d e a  m e t  w a s  
s i g n i f i c a n t l y  r e l a t e d  t o  t h e  chances o f  i t  becoming a p r o j e c t .  
F i n a l l y ,  i t  was found t h a t  f avorab le  s u b j e c t i v e  e v a l u a t i o n  i s  p o s i t i v e -  
l y  c o r r e l a t e d  w i t h  t h e  urgency, p r e d i c t a b i l i t y ,  and s h o r t n e s s  of t he  
t i m e  horizon of the ideas. 

I d e a  D i s p o s i t i o n ,  Sub jec t ive  Eva lua t ions ,  Urgency, P r e d i c t a b i l i t y  
The purpose of  t h i s  r e s e a r c h  was t o  s tudy  the ideas  

The higher  t he  s u b j e c t i v e  e v a l u a t i o n  r a t i n g ,  

( 3 )  

2.  O r g a n i z a t i o n a l  F a c t o r s  A f f e c t i n g  Idea  Flow: See Abs t r ac t  of Bake r ' s  
D i s s e r t a t i o n  (65/4).  

3 .  Cont ro l  Mechanisms i n  t h e  Idea Flow Process:  The purpose of t h i s  
s tudy  was t o  i s o l a t e  those mechanisms which tended t o  i n h i b i t  r e sea rch -  
ers  from g e n e r a t i n g  and submit t ing i d e a s .  Th i s  was accomplished by 
case h i s t o r y  a n a l y s i s  o f  i deas  o r i g i n a t e d  by r e s e a r c h e r s  before  they  
became members of a n  idea  gene ra t ing  group, and submit ted du r ing  t h e i r  
d u r a t i o n  as members of one of t h e  groups.  Findings:  The t h r e e  major 
f a c t o r s  which r e s e a r c h e r s  perceived t o  i n h i b i t  t h e i r  i dea  g e n e r a t i n g  
a c t i v i t i e s  on t h e i r  r e g u l a r  job were, i n  o r d e r  of  importance: (1) Time 
p r e s s u r e s  due t o  c u r r e n t  work; (2)  Thinking c o n s t r a i n t s ;  and, ( 3 )  I n t e r -  
a c t i o n  c o n s t r a i n t s .  The t h r e e  major perceived c o n s t r a i n t s  a f f e c t i n g  t h e  
communication of  t h e i r  ideas t o  o t h e r s  were, i n  o r d e r  o f  importance: 
(1) Organ iza t iona l  s t r u c t u r a l  c o n s t r a i n t s  -- e . g . ,  poor communication 
channe l s  t o  mnagement; (2) Idea c o n s t r a i n t s  -- e . g . ,  i n a b i l i t y  t o  com- 
municate and understand ideas  of  o t h e r  s p c i a l i s t s ;  and, (3)  Time p res -  
s u r e s  of  c u r r e n t  work. 

These c o n t r o l  mechanisms had i n h i b i t e d  a s i g n i f i c a n t  s e t  of i deas  
which, upon t h e i r  communication t o  management and o t h e r  r e s e a r c h e r s  i n  
a n  i-dea g e n e r a t i n g  group, were t h e n  g iven  h igh  e v a l u a t i o n s  as t o  t h e i r  
"goodness." 
p r o j e c t s  t han  t h e  i d e a s  the  same r e s e a r c h e r s  o r i g i n a t e d  du r ing  t h e i r  
membership i n  an idea  gene ra t ing  group. The g e n e r a l  conc lus ion  i s  t h a t  
t h e  above-mentioned c o n t r o l  mechanisms tend t o  dep res s  the  communica- 
t i o n  and submission of i deas  which, i f  t hey  were made known, would be  
a c c e p t a b l e  t o  t h e  o rgan iza t ion .  

I n  t u r n ,  t h e s e  ideas  had a h ighe r  success  r a t i o  of becoming 

3 .  Communication, Evaluat ion,  and t h e  Flow of Ideas  i n  a n  I n d u s t r i a l  
Research Laboratory:  See a b s t r a c t  of  Pound's d i s s e r t a t i o n  (65/12) .  

4 .  E n c u l t u r a t i o n  and Accuracy of Pe rcep t ion  as It A f f e c t s  t h e  Idea  
Flow Process:  See a b s t r a c t  of U t t e r b a c k ' s  Thes i s  (65/10).  
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5.  Reward Cost F a c t o r s  Associated wi th  Idea  Genera t ion  and Submission 
Behavior i n  Quasi-Experimental  Idea  Generat ing Groups: By s tudy ing  
s e v e r a l  I G G ' s  i n  t i m e  sequence, i t  was p o s s i b l e  t o  c o l l e c t  i dea - spec i -  
f i c ,  behav io ra l  d a t a  r ega rd ing  48 i d e a s  which had been o r i g i n a t e d  by 
the  I G G  p a r t i c i p a n t s  up t o  t h r e e  y e a r s  be fo re  t h e  r e l a t e d  IGG.  These 
48 ideas had e i t h e r  n o t  been submit ted,  o r  had been submit ted b u t  n o t  
accepted p r i o r  t o  t h e  IGG. 
i deas  which were o r i g i n a t e d  du r ing  an IGG b u t  which were n o t  submit ted.  
I d e a - s p e c i f i c ,  behav io ra l  d a t a  was a l s o  c o l l e c t e d  r e g a r d i n g  t h e  Rener- 
a t i o n  of over  two h u n d r e d - f i f t y ' i d e a s  which were submit ted f c r  t ev iew 
dur ing  the IGG'S. AS a group the  48 i d e a s  o r g i n a t e d  b e f o r e  t h e  I G G ' s  
were r a t e d  by managers and r e s e a r c h e r s  s i g n i f i c a n t l y  b e t t e r  t han  the  
ideas  o r i g i n a t e d  du r ing  t h e  I G G ' s .  

Also,  s imilar  d a t a  w a s  c o l l e c t e d  on 31 

AS expected, support  was found f o r  t h e  no t ion  t h a t  pe rce ived  time 
p r e s s u r e s  due t o  c u r r e n t  work i n f l u e n c e d  idea o r i g i n a t i o n  behavior  by 
c o n s t r a i n i n g  t h i n k i n g  t o  c u r r e n t  a s s igned  work and by modifying pe r -  
c e p t i o n s  of  t h e  i n t r i n s i c  and e x t r i n s i c  rewards a s s o c i a t e d  w i t h  i d e a  
gene ra t ion  and submission. These pe rce ived  t ime p r e s s u r e s  tended t o  
i n h i b i t  i d e a s  no t  a s s o c i a t e d  wi th  t h e  c u r r e n t  work and t o  i n c r e a s e  the  
perceived c o s t s  and/or  dec rease  t h e  pe rce ived  rewards which would be 
a s s o c i a t e d  w i t h  t a k i n g  t i m e  and e f f o r t  from t h e  r e g u l a r  j o b  f o r  i d e a  
gene ra t ion  and/or submission. The r e s u l t  w a s  t h a t  pe rce ived  t i m e  pres-  
sures due t o  r e g u l a r  work i n h i b i t e d  the  development and communication 
of i deas .  
"be fore"  i d e a s .  

The suppor t ing  d a t a  comes from c a s e  h i s t o r i e s  o f  a l l  t h e  

Apparently t h e  r e s e a r c h e r s  and t e c h n i c i a n s  a t  t h e  l a b o r a t o r y  pe rce ived  
t h a t  i deas  r e l e v a n t  t o  o r g a n i z a t i o n a l  g o a l s ,  o b j e c t i v e s  and needs were 
more l i k e l y  t o  be rewarded by t h e  o r g a n i z a t i o n  t h a n  non- re l evan t  i d e a s .  
Support  was found f o r  t he  n o t i o n  t h a t  p e r c e p t i o n s  of o r g a n i z a t i o n a l  
g o a l s ,  o b j e c t i v e s  and needs tended t o  s t i m u l a t e  i d e a s  pe rce ived  t o  be 
r e l e v a n t  t o  the  g o a l s ,  o b j e c t i v e s  and needs,  and t o  i n f l u e n c e  which 
ideas would be submit ted.  

6 .  E v a l u a t i v e  Dimensions o f  Techn ica l  I d e a s :  See a b s t r a c t  of  Goldberg 's  
Thes i s  (63/26). 

7.  
The d a t a  below i s  from f i v e  R & D l a b o r a t o r i e s  i n  ou r  sample.  
of t h e s e  f i v e  l a b o r a t o r i e s  c a n  be rough ly  d e s c r i b e d  a l l o n g  a continuum of  
"p r imar i ly  development'' through " p r i m a r l l y  bas i c . "  
t h e  number of  c r i t e r i a  which members of  t h e s e  l a b o r a t o r i e s  s ay  must be 
met by i d e a s  i n  o r d e r  t o  be a c c e p t a b l e .  T h i s  i s  based on a l i s t  of  36 
c r i t e r i a  p re sen ted  t o  t h e s e  l a b o r a t o r y  members d u r i n g  t h e  Time S e r i e s  
s t u d i e s .  
i n c r e a s i n g  o r i e n t a t i o n  of t h e  sample l a b o r a t o r i e s  toward more b a s i c  re- 
sea rch .  T h i s ,  of  c o u r s e ,  i s  a small  sample o f  r e sponden t s ,  l a b o r a t o r -  
i e s ,  and i d e a s  and t h e  r e l a t i o n s h i p  i s  be ing  s t u d i e d  

R e l a t i o n  Between Labora to ry  O r i e n t a t i o n  and Range of  Cr i t e r i a  Used: 
The work 

The t a b l e  i n d i c a t e s  

The average number of c r i t e r i a  p e r  i d e a  d e c r e a s e s  w i t h  t h e  

f u r t h e r .  
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Genera 1 
Company O r i e n t a t i o n  

1, 2, 3 E s s e n t i a l l y  
Development 

4 Orien ted  Toward 
More Applied 
Research 

5 Or i en ted  Toward 
More Basic 
Research 

No. of No. of  Ave. N o .  of  C r i -  
Respondents Ideas  t e r i a  Used per  I d e a  

14 25 15.2 

9 10 11.3 

7 21 7.0 

8 .  P r o j e c t  P o r t f o l i o  and Time Horizons: On t h e  b a s i s  of a ques t ion -  
n a i r e  c l a s s i f i c a t i o n ,  the d i s t r i b u t i o n  of p r o j e c t s  i n  one l a b o r a t o r y ' s  
p o r t f o l i o  w a s  made. From the d a t a ,  i t  was found t h a t  most of t h e  R 
and D work by p r o j e c t  c l a s s  is  i n  work suppor t ing  c u r r e n t  o p e r a t i o n s :  
61% compared t o  34% i n  t he  c l a s s i f i c a t i o n  of  "work l ead ing  t o  expansion 
o f  p r e s e n t  product  l i n e "  and on ly  5% devoted t o  "work no t  y e t  connected 
t o  any product  o r  process ."  
f i e d  w i t h  ma in ta in ing  a p o s i t i o n  i n  i t s  c u r r e n t  product  l i n e  and n o t  
a g g r e s s i v e l y  seek ing  newproducts v i a  R and D. 

The company might be desc r ibed  as sa t i s -  

I n  a d d i t i o n ,  d a t a  was c o l l e c t e d  on the  e s t ima ted  t i m e  t o  complete t h e  
p r o j e c t s .  The r e s u l t s  show t h a t  f o r  most o f  t he  p r o j e c t s  t h e r e  i s  a 
s h o r t  t i m e  horizon.  Over half  of t h e  p r o j e c t s  f a l l  i n t o  groups t h a t  
are expected to t a k e  12 months o r  less t o  complete. Again, t h i s  sub- 
s t a n t i a t e s  t he  c o n s e r v a t i v e  na tu re  of t h e  R and D p o r t f o l i o  and i n  add- 
i t i o n ,  when t h e  t i m e  horizons o f  p r o j e c t s  were s t u d i e d  over  a f i v e  yea r  
p e r i o d ,  t h e  t i m e  ho r i zons  had p r o g r e s s i v e l y  sho r t ened .  

I n  a d d i t i o n  t o  t h i s  d a t a ,  open ended i n t e r v i e w s  were he ld  wi th  some of  
t h e  managers who expressed t h e  op in ion  t h a t  t he  work t h e  l a b o r a t o r y  was 
doing had been dominated by account ing and f i n a n c i a l  i n t e r e s t s .  I n  
ano the r  company a s t u d y  a l s o  showed s h o r t  t i m e  ho r i zons  and i t  was found 
t h a t  over  90% of  the  i d e a s  worked on came from such sources  as salesmen 
and c l i e n t s .  The l a b o r a t o r y  c l o s e l y  o p e r a t e d  with p roduc t ion  and most 
o f  t h e  p r o j e c t s  f e l l  i n t o  the ca t egory  of  work suppor t ing  c u r r e n t  oper- 
a t i o n s .  Both s t u d i e s  suggest  a r e l a t i o n s h i p  between the  c l o s e n e s s  of 
t h e  R and D l a b o r a t o r y  to t h e  market and t h e  c l i e n t ,  and t h e  t i m e  h o r i -  
zons o f  t h e  l a b ' s  p r o j e c t  p o r t f o l i o .  

P u b l i c a t i o n s  and Papers: 

September 1965-September 1966: 

65/36 J a c k  Siegman, Norman R. Baker, and A l b e r t  H. Rubenstein,  "The E f f e c t s  of 
Pe rce ived  Needs and Means on t h e  Generat ion of I d e a s  f o r  I n d u s t r i a l  R & D P r o j e c t s , "  
P r e s e n t e d  a t  meeting of Opera t ions  Research S o c i e t y  o f  America, Santa  Monica, 
May 1966. AP 
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1960-1965: 

65/22 J a c k  Siegman, "Relat ion of  Idea  Flow Study t o  Other Research on R & D 
Organizat ions:  
ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  June ,  1965. ( I n c l u d e s  
"References f o r  Idea  Flow Study.").  AP 

Some Models and P ropos i t i ons , "  Department of I n d u s t r i a l  Engineer- 

65/12 W i l l i a m  Pound, "Communication, Eva lua t ion ,  and t h e  Flow of  I d e a s  i n  an 
I n d u s t r i a l  Research and Development Laboratory,"  Ph.D. D i s s e r t a t i o n ,  Department 
of  I n d u s t r i a l  Engineer ing and Management Sc iences ,  August, 1965. AS 

65/10 James Utterback,  "Accuracy of Pe rcep t ion  and E n c u l t u r a t i o n  of  Researchers  
i n  an I n d u s t r i a l  Laboratory,"  A Master's T h e s i s ,  Department of I n d u s t r i a l  Engi- 
neer ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  August, 1965. AS 

6518 Albe r t  H. Rubenstein,  "Applicat ions of  Behavioral  Theor i e s  t o  Idea  Flow i n  
I n d u s t r i a l  R & D Labora to r i e s , "  P resen ted  a t  t h e  Southwest Chapter ,  The I n s t i t u t e  

.I of  Management S c i e ~ c e s ,  S p r i n g  XeetIng, N e w  Or l eans ,  A p r i l ,  1965. Ld 

65/4 Norman R .  Baker, "The I n f l u e n c e  of S e v e r a l  O r g a n i z a t i o n a l  F a c t o r s  on the  
Idea  Generation and Submission Behavior of  I n d u s t r i a l  Researchers  and Technicians,"  
Ph.D. D i s s e r t a t i o n ,  Department of I n d u s t r i a l  Engineer ing and Management Sc iences ,  
Northwestern Un ive r s i ty ,  J anua ry ,  1965. AS 

64/25 J a c k  Siegman, Norman R. Baker, and A l b e r t  H. Rubenstein,  "Control Mechan- 
i s m s  i n  t h e  Idea  Flow Process:  Model and Behavioral  Study," June ,  1966. Based 
on a n  i n v i t e d  pape r  p re sen ted  a t  The I n s t i t u t e  of Management Sc iences ,  San Fran- 
c i s c o ,  February,  1965. AP 

64/17 James Utterback,  "Summary of V a r i a b l e s  and P r o p o s i t i o n s  Concerning Idea  
Flow," A working pape r ,  Department of I n d u s t r i a l  Eng inee r ing  and Management 
Sciences,  Northwestern U n i v e r s i t y ,  J u n e ,  1964. L 

64/7 
tan: 
LXX, No. 6 (May, 1965), pp. 704-710. AP 

Louis C .  Goldberg, Frank Baker, and A l b e r t  H. Rubenstein,  "Local-Cosmopoli- 
Undeminsional o r  Mult idimensional ,"  American J o u r n a l  of s o c i o l o g y ,  V O l .  

63/26 Louis C. Goldberg, "Dimensions i n  t h e  E v a l u a t i o n  of Techn ica l  I d e a s  i n  a n  
I n d u s t r i a l  Research Laboratory,"  A Master's T h e s i s ,  Department o f  I n d u s t r i a l  Eng- 
inee r ing  and Management Sc iences ,  Northwestern U n i v e r s i t y ,  August, 1963. F 

63/25 Frank M. Bolen, "A Technique f o r  t h e  Real Time Measurement of t h e  Flow of 
I d e a s  in  I n d u s t r i a l  L a b o r a t o r i e s , "  A Master's T h e s i s ,  Department of  I n d u s t r i a l  
Engineering and Management S c i e n c e s ,  Northwestern U n i v e r s i t y ,  August, 1963. F 

63/24 W i l l i a m  H. Pound, "Idea Flow--A S e q u e n t i a l  Process ,"  A working pape r ,  
Department of I n d u s t r i a l  Eng inee r ing  and Management S c i e n c e s ,  Northwestern Uni- 
v e r s i t y ,  A p r i l ,  1963. L 

63/14 
Engineer ing and Management S c i e n c e s ,  Northwestern U n i v e r s i t y ,  September,  1963. L 

6312 
v. Dean, 
Wiley and Sons, I n c . ,  1963). 

63 /1  Albe r t  H. Rubenstein and Richard Hannenberg, "Idea Flow and P r o j e c t  S e l e c t i o  
i n  S e v e r a l  I n d u s t r i a l  Research and Development L a b o r a t o r i e s , "  i n  Richard A. Tybout 
e d . ,  Economics of  Research and Development, (Columbus: Ohio S t a t e  U n i v e r s i t y  Prest  

Norman R .  Baker, "On Idea  Flow," A working paper ,  Department of I n d u s t r i a l  

A lbe r t  H. Rubenstein,  "S tud ie s  of P r o j e c t  S e l e c t i o n  i n  I n d u s t r y , "  i n  Burton 
e d . , O p e r a t i o n s  Research i n  Resea rch  and Development, ( New Yotk: John  

AS 

AP 1965),  pp. 219-244. 



2 .  CONTROL OF RESEARCH AND DEVELOPMENT I N  DECENTRALIZED ORGANIZATIONS 

Objec t ive :  Th i s  i s  a long t e r m  study of  t h e  c h a r a c t e r i s t i c s  and behavior of 
d e c e n t r a l i z e d  o r g a n i z a t i o n s  as they a f f e c t  t h e  i n p u t s  t o ,  c a p a b i l i t i e s  o f ,  and 
o u t p u t  from R and D. 

Supported By: 
Foundation. 

Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  and t h e  McKinsey 

P r o j e c t  Leader: Michael Radnor. 

P rogres s  September 1965-September 1966: Work was cont inued on the  p repa ra t ion  
of  t h e  volume r e p o r t i n g  t h e  f i n d i n g s  of  t he  s tudy .  

O v e r a l l  Progress  1956-1966: T h i s  ten-year s tudy  i s  now i n  i t s  f i n a l  s t a g e s .  
H i s t o r i c a l  s t a t i s t i c s  on t h e  t r e n d s  toward d e c e n t r a l i z a t i o n  of l a r g e  i n d u s t r i a l  
c o r p o r a t i o n s  s i n c e  1945 have been c o l l e c t e d .  The o r g a n i z a t i o n  of R and D i n  
such f i rms  has  been t r a c e d  through t h i s  pe r iod  f o r  almost 200 l a r g e  companies. 
I n t e r v i e w s  wi th  top  execu t ives  i n  a l a r g e  number of t h e s e  companies have been 
c a r r i e d  o u t  over  t h e  pe r iod  of  t h e  study. Two M.S. t h e s e s  and one Ph.D. d i s -  
s e r t a t i o n  have been completed. Twelve a r t i c l e s  and r e s e a r c h  r e p o r t s  have 
a l s o  been completed, and a book summarizing t h e  p r o j e c t  i s  i n  p repa ra t ion .  

Data Reduction and Ana lys i s :  Some 3,500 documents, such as in t e rv i ews ,  
i n t e r n a l  memoranda, annual  r e p o r t s ,  e t c . ,  from t h e  approximately 200 com- 
p a n i e s  have been coded and so r t ed  acco rd ing  t o  the  v a r i a b l e s  r e l e v a n t  to  
o u r  s tudy.  A form of c o n t e n t  a n a l y s i s  was used t o  o b t a i n  d a t a  compilat ions 
f o r  t h e  fol lowing g e n e r a l  areas: 1) o r g a n i z a t i o n a l  o b j e c t i v e s ,  environ- 
mental  c o n d i t i o n s ,  d i v e r s i f i c a t i o n ,  R and D p o l i c y  and ph i losoph ies ,  growth 
r o u t e  e x p e c t a t i o n s ;  2) o r g a n i z a t i o n a l  form of companies, e x t e n t  of decen- 
t r a l i z a t i o n ,  changes and f r equenc ie s  of  change, incidence and f u n c t i o n s  of 
group e x e c u t i v e s ,  d i v i s i o n  manager a t t i t u d e s  and behav io r s ,  s t a f f  s e r v i c e s ;  
3) o r g a n i z a t i o n  of R and D, incidence of c e n t r a l  l a b o r a t o r i e s ,  a t t i t u d e s  
towards and performance of  such l a b o r a t o r i e s ,  v i c e - p r e s i d e n t s  of R and D, 
t h e i r  i nc idence ,  f u n c t i o n s  and changes, i n t e r n a l  l a b o r a t o r y  o r g a n i z a t i o n ,  
R and D c a p a b i l i t i e s ,  d i v i s i o n a l  r e s e a r c h  d i r e c t o r s ,  l i a i s o n  between lab-  
o r a t o r i e s ,  minimum e f f e c t i v e  s i z e ,  new t e c h n i c a l  s k i l l  development; 4) 
c o n t r o l  and e v a l u a t i o n ,  funding methods, expend i tu re s  on R and D, t e chn i -  
ca l  r e s u l t s ,  economic r e s u l t s ,  d i v i s i o n  manager e v a l u a t i o n  and compensation; 
5) p r o j e c t  p o r t f o l i o s ,  t i m e  ho r i zons ;  6) i d e a  flow; 7) e n c u l t u r a t i o n ;  8) 
i n d i v i d u a l  c a s e  h i s t o r i e s .  

Survey of Top Managers: A survey was conducted o f  t op  managers i n  60 of 
t h e  l a r g e s t  i n d u s t r i a l  and t e c h n i c a l l y  o r i e n t e d  companies i n  t h e  U.S. Wide- 
r ang ing  i n t e r v i e w s  l a s t i n g  from one and one-half  hour t o  fou r  hours  each 
were conducted wi th  chairmen, p r e s i d e n t s ,  execu t ive  v i c e - p r e s i d e n t s ,  and 
i n  a few c a s e s ,  high l e v e l  informants.  
from which t h e s e  e x e c u t i v e s  were drawn amounted t o  over  60 b i l l i o n  d o l l a r s  
i n  1962. 

The combined s a l e s  of  t h e  companies 

P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

6 4 / 2 3  

(London: T a v i s t o c k  P u b l i s h e r s ,  1966). 

Michael Radnor, "Control of R & D by Top Managers i n  48 Very Large Com- 
~ ~ L L L ~ ~ ,  11 i" J. E'. Lswrence; ed . ,  Operat ions Research i n  the  S o c i a l  Sc iences ,  

A 
nu 



. 12 

1960- 1955: 

64/11 Michael Radnor and A l b e r t  H. Rubenstein,  "Top Management Con t ro l  Pro- 
ces ses  over R & D A c t i v i t i e s  i n  Large Decent ra l ized  Companies," Department 
of I n d u s t r i a l  Engineer ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  
1964. AP 

64/10 
gers  of Large Decent ra l ized  Companies," A Ph.D. D i s s e r t a t i o n ,  Department of 
I n d u s t r i a l  Engineer ing  and Management Sc iences ,  Northwestern U n i v e r s i t y ,  

Michael Radnor, "The Cont ro l  of Research and Development by Top Mana- 
I 

A u g u s t ,  1964. F 

6419 
Change and Company Growth Rate," A Master ' s  Thes i s ,  Department of I n d u s t r i a l  
Engineering and Management Sc iences  , Northwestern U n i v e r s i t y ,  October, 1963. AS 

Edward C. Murphy, "Some R e l a t i o n s h i p s  between R and D O r g a n i z a t i o n a l  

6418 Fred D. Altman, "Performance Eva lua t ion  of Div i s ion  Managers i n  Large 
Decent ra l ized  I n d u s t r i a l  Organ iza t ions , "  A Master 's  Thes i s ,  Department of In- 
d u s t r i a l  Engineer ing and Management Sc iences  , Northwestern U n i v e r s i t y ,  
August , 1963. F 

63/12 A l b e r t  H. Rubenstein,  "Organ iza t iona l  F a c t o r s  A f f e c t i n g  Research and 
Development Decision-Making i n  Large Decen t r a l i zed  Companies," Management 
Science,  Vol. 10,  No. 4 ( J u l y ,  1964) pp. 618-633. AP 

63/3 Albe r t  H. Rubenstein and Michael Radnor, "Top Management's Role i n  Re- 
sea rch  Planning i n  Large Decen t r a l i zed  CompaniesJtl i n  Proceedings  of t h e  Thi rd  
I n t e r n a t i o n a l  Fede ra t ion  of Opera t ions  Research S o c i e t i e s ,  Os lo ,  1963. AP 

62/3 Albe r t  H. Rubenstein,  "The C o n s t r a i n t s  of D e c e n t r a l i z a t i o n , "  Chemical 
Engineer ing P rogres s ,  Vol. 58,  No. 8 (August, 1962) pp. 11-15. AP 

6211 Albe r t  H. Rubenstein,  "Organiza t ion  and Research and Development DecisioI 
Making Within t h e  Decen t r a l i zed  Firm," The Rate and D i r e c t i o n  of I n v e n t i v e  
A c t i v i t y ,  A Report of t h e  Na t iona l  Bureau of Economic Research, (P r ince ton :  
Pr ince ton  U n i v e r s i t y  P res s  , 1962). AS 
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3. STRATEGIES FOR ORGANIZATION AND DIFFUSION OF RESEARCH I N  DEVELOPING COUNTRIES 

Objec t ive :  The o b j e c t i v e  of t h e  o v e r a l l  s tudy  i s  t o  d e s c r i b e  the  means used 
by developing c o u n t r i e s  t o  e s t a b l i s h  and ma in ta in  an R and D c a p a b i l i t y .  A 
number of a l t e r n a t i v e  s t r a t e g i e s  t h a t  have been used o r  proposed f o r  t h i s  pur- 
pose are being analyzed i n  r e l a t i o n  t o  t h e  s t a t e d  o b j e c t i v e s  f o r  R and D i n  a 
number of  t h e s e  c o u n t r i e s .  

Supported by: Na t iona l  Science Foundation and Facu l ty  Research Funds. 

P r o j e c t  Leader: A l b e r t  H. Rubenstein.  

Progress  September, 1965-September, 1966: One M.S. t h e s i s  was completed, based 
on a p rev ious  l a r g e - s c a l e  d a t a  c o l l e c t i o n  e f f o r t  (by in t e rv i ew,  document examin- 
a t i o n ,  and mail surveys) and a f i e l d  t r i p  t o  Mexico and C e n t r a l  America. Pre- 
l imina ry  work f o r  one Ph.D. d i s s e r t a t i o n  was i n i t i a t e d .  Data c o l l e c t i o n  e f f o r t s  
cont inued.  

O v e r a l l  Progress  1963-1966: Three M.S. t h e s e s  and two papers  have been com- 
p l e t e d .  
mai led q u e s t i o n n a i r e s ,  and l o c a l  i n t e rv i ews .  The f i r s t  o n - s i t e  f i e l d  s t u d y  
was conducted i n  J u l y  1964 i n  C e n t r a l  America. 

The primary means of  d a t a  c o l l e c t i o n  has  been through documents, 

I n  t h e  f i r s t  r e p o r t  i s s u i n g  from t h e  s tudy ,  p re sen ted  i n  P a r i s  i n  June 1963, 
v a r i o u s  s t r a t e g i e s  and p a t t e r n s  t h a t  have been used o r  proposed t o  b u i l d  up 
t h e  a p p l i e d  r e s e a r c h  c a p a b i l i t i e s  of  developing c o u n t r i e s  were analyzed and 
compared. S ince  t h a t  t i m e  two sub- s tud ie s ,  completed as Master ' s  t h e s e s ,  have 
ana lyzed  c u r r e n t  f a c i l i t i e s  f o r  app l i ed  r e s e a r c h  i n  21 L a t i n  American c o u n t r i e s  
and 14 c o u n t r i e s  i n  Sou theas t  Asia. Another g radua te  s t u d e n t  extended t h e s e  
s t u d i e s ,  p a r t i a l l y  by means of  a f i e l d  s t u d y  of r e s e a r c h  i n s t i t u t e s  i n  Mexico 
and C e n t r a l  America. 

A p r e l i m i n a r y  l a r g e - s c a l e  d a t a  c o l l e c t i o n  e f f o r t  (by m a i l )  has  been completed 
on t h e  o r g a n i z a t i o n  o f  and t h e  p o l i c i e s  f o r  R and D i n  t h e  c o u n t r i e s  of  A f r i c a  
and t h e  E a s t e r n  Mediterranean.  Returns were analyzed i n  a number o f  ways: 
(1) r e s e a r c h  engaged i n  by each;  (2) a n a l y s i s  o f  a sample o f  r e p l i e s  and i n s t i -  
t u t e  r e p o r t s  t o  a s c e r t a i n  p r e v i o u s l y  u n c l a s s i f i e d  R and D o b j e c t i v e s  and 
s t r a t e g i e s  f o r  t h e i r  development. 
Master ' s t hes is. 

This a n a l y s i s  has  been inco rpora t ed  i n  a 

The u l t i m a t e  o b j e c t i v e  of  t h e  s t u d y  is t o  provide a b e t t e r  understanding of  
a) t h e  a l t e r n a t i v e  means of  e s t a b l i s h i n g  and ma in ta in ing  a n  a p p l i e d  r e s e a r c h  
c a p a b i l i t y  i n  a coun t ry  w i t h  v e r y  l imi t ed  r e sources  and b) t h e  p o t e n t i a l  con- 
sequences of t h e s e  a l t e r n a t i v e  means. 

The approach i s  n o t  normative i n  t h e  sense  t h a t  a n  op t ima l  p a t t e r n  o r  s t r a t e g y  
f o r  o r g a n i z i n g  a p p l i e d  r e s e a r c h  i n  developing c o u n t r i e s  i s  p r e s c r i b e d  a t  t h i s  
p o i n t .  Indeed, no s p e c i f i c  p o l i c y  or  set of s t r a t e g i e s  is  being p r e s c r i b e d  or 
advocated.  Ra the r ,  an a t t e m p t  i s  being made t o  d e s c r i b e  t h e  c u r r e n t  s i t u a t i o n  
as a c c u r a t e l y  as p o s s i b l e ,  and t o  understand how it  developed and what some of 
i t s  consequences might be f o r  t he  f u t u r e  of t h e s e  developing c o u n t r i e s .  

The main e f f o r t  of t h e  s t u d y  con t inues  t o  be focused on t h e  a n a l y s i s  o f  a l te r -  
n a t i v e  s t r a t e g i e s  i n  r e l a t i o n  t o  t h e  s t a t e d  R and D o b j e c t i v e s  i n  t h e s e  coun- 
tr ies.  However, f u r t h e r  a n a l y s i s  of t h e s e  R and D o b j e c t i v e s ,  a s  w e l l  a s  pro- 
p o s i t i o n s  from t h e  l i t e r a t u r e ,  inuicaLr v e - - ~ -  - - - - - - - - -+ L ~ L u I L L . . ~  nrnhlems =- - -  - -  o r  issues which are 
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being examined. For example, t h e  c o n f l i c t  between e x p e r t s  on whether t o  esta- 
b l i s h  a s o l i d  foundat ion of  b a s i c  s c i e n c e  o r  merely t o  t r a n s l a t e  e x i s t i n g  
world l i t e r a t u r e  i n t o  a p p l i c a t i o n s  r e l e v a n t  t o  the  circumstances of t h e  c o u n t r y  
con t inues .  Some o t h e r  q u e s t i o n s  which r e c u r  are: 

1. 

2. 

3. 

How much should sc i ence ,  r e g a r d l e s s  of  t h e  level ,  be t i e d  
t o  n a t i o n a l  economic development p l ans?  
What are t h e  c r i t e r i a  f o r  p r o j e c t  s e l e c t i o n  i n  view of  t h e  
l i m i t e d  funds,  f a c i l i t i e s ,  and s c i e n t i f i c  manpower? 
How can s c i e n c e  and eng inee r ing  be made s u f f i c i e n t l y  a t t r a c t i v e  
as  a c a r e e r  choice when p rev ious  emphasis has  been on a n  educa t ion  
i n  t h e  humanities and s o c i a l  s c i e n c e s ,  and c a r e e r s  i n  l a w  and 
a d m i n i s t r a t i o n ?  
Should s c i e n t i s t s  and e n g i n e e r s  be t r a i n e d  a t  home o r  abroad? 
Hov c m  the emigrnt ion cf l o c a l  s c i e f i t i s t s  be minimized? 

4 .  
5 :  

These and s imilar  q u e s t i o n s  are being r e c a s t  i n t o  p r o p o s i t i o n a l  form as a b a s i s  
f o r  s e l e c t i n g  key a s p e c t s  of t he  o v e r a l l  s u b j e c t  f o r  i n t e n s i v e  s tudy .  D i f f e r -  
ing pe rcep t ions  of and a t t i t u d e s  towards t h e s e  q u e s t i o n s  between s c i e n t i s t s  
and government a d m i n i s t r a t o r s  form a b a s i s  f o r  p o t e n t i a l  c o n f l i c t  i n  developing 
sc i ence  p o l i c y .  

P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

6615 E a r l  C .  Young, "An Ana lys i s  of  S e l e c t e d  S t r a t e g i e s  f o r  Organizing R & D 
i n  Developing Coun t r i e s  w i th  Reference t o  P o l i c y  and Planning Techniques,  In- 
t e r n a t i o n a l  R e l a t i o n s ,  Manpower and T r a i n i n g  & In fo rma t ion  Requirements." A 
Master 's  T h e s i s ,  Department of  I n d u s t r i a l  Engineer ing and Management Sc iences ,  
Northwestern U n i v e r s i t y ,  J anua ry ,  1966. L 

1960- 1965 : 

6412 A l b e r t  H. Rubenstein and Ear l  Young, " S t r a t e g i e s  and P a t t e r n s  f o r  t h e  
Organ iza t ion  o f  Applied Research i n  L a t i n  Americaand South and Sou theas t  As ia , "  
Presented a t  t h e  Third Regional Meeting of  R e p r e s e n t a t i v e s  of  Na t iona l  S c i e n t i -  
f i c  Research Organ iza t ions  of South and S o u t h e a s t  Asia Regions,  Canberra ,  
A u s t r a l i a ,  February 1 7 - a l ,  1964. 

63/27 
i n  the I n d u s t r i a l  Development o f  S e l e c t e d  South and S o u t h e a s t  Asia C o u n t r i e s , "  
A Mas te r ' s  T h e s i s ,  Department of  I n d u s t r i a l  Engineer ing and Management S c i e n c e s ,  

Pakorn Adulbhan, "A Study of  t h e  Role o f  S c i e n t i f i c  Research (R and D) 

Northwestern U n i v e r s i t y ,  December, 1963. F 

63/15 Mario D. P a n t i n ,  "A Study of t h e  Role of  S c i e n t i f i c  Research i n  t h e  
Growth and Development o f  t h e  L a t i n  American C o u n t r i e s , "  
Department of I n d u s t r i a l  Engineer ing and Management S c i e n c e s ,  Northwestern 
U n i v e r s i t y ,  October ,  1963. 

A Master's T h e s i s ,  

63/6 A l b e r t  H. Rubenstein and Earl  C .  Young, "An A n a l y s i s  o f  A l t e r n a t i v e  
S t r a t e g i e s  f o r  Organizing t h e  Applied Research A c t i v i t i e s  of Developing 
Coun t r i e s , "  i n  The P o s s i b i l i t i e s  o f  O p e r a t i o n a l  Research i n  Developing 
Coun t r i e s ,  (Paris:  Dunod, 1964). AP 
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I 4. R AND D RESPONSES TO CRISES 

Objec t ive :  Here w e  are  i n t e r e s t e d  i n  t h e  r e a c t i o n s  o f  t h e  f i rm,  i n  terms of 
R and D behav io r ,  t o  changes i n  t h e  rnarl..et p l a c e ,  technology,  uhe economy, and 
o t h e r  environmental  c o n d i t i o n s .  A small  sample o f  f i r m s  i n  each o f  s e v e r a l  
r e l a t i v e l y  c l e a r l y  de f ined  markets i s  be ing  s t u d i e d .  

Supported By: Na t iona l  Aeronau t i c s  and Space Admin i s t r a t ion  and Fellowship 
Funds. 

P r o j e c t  Leader: A l b e r t  H. Rubenstein.  

P rogres s  September, 1965-September, 1966: During t h i s  pe r iod  two Master's 
t h e s e s  were completed. (Abs t r ac t s  a r e  g iven  i n  t h e  l as t  s e c t i o n  of t h e  r e p o r t . )  
One was on t h e  response t o  i n t r o d u c t i o n  of  product  i nnova t ions  i n  a consumer 
p roduc t s  i n d u s t r y .  The o t h e r  was on t h e  response of  r a i l r o a d  management t o  
t e c h n o l o g i c a l  i nnova t ions .  

O v e r a l l  P rogres s  1964-1966: A model of  t he  p a t t e r n  o f  r e sponses  by t h e  i n d i -  
v i d u a l  f i r m  t o  c r i s e s  i n  i t s  market or i n  t h e  e x t e r n a l  environment was adapted 
from i d e a s  suggested by March and Simon (Organ iza t ions ,  Wiley 1958). 
p i e c e s  o f  t h i s  p rocess  were s e l e c t e d  f o r  s tudy.  I n  a d d i t i o n  t o  t h e  two t h e s e s  

S e v e r a l  

mentioned above, two a d d i t i o n a l  sub - s tud ie s  were i n i t i a t e d  du r ing  t h i s  pe r iod .  
One encountered d a t a  problems on t h e  i n t e r n a l  decision-making i n  t h e  f i r m s  o f  
t h e  sample. Continuance of  t h e  o t h e r  sub-study awaits 
a n  i n t e r e s t e d  s t u d e n t  o r  s t a f f  member who has  competence i n  h i s t o r i c a l  d e p t h  
in t e rv i ewing .  

It may be  cont inued.  

P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

66/22 Char l e s  J. Lapp, "An Empir ical  Study of Some R e l a t i o n s h i p s  Between 
Technological  Innovat  i o n s  and O r g a n i z a t i o n a l  Charac t e r  i s  t i c  s i n  E igh t  R a i l -  
r oads , "  A Master's T h e s i s ,  Department o f  I n d u s t r i a l  Engineer ing and Manage- 
ment Sc iences ,  Northwestern U n i v e r s i t y ,  August, 1966. AP 

65/38 
Crises," k. Master's Thes i s ,  Department of I n d u s t r i a l  Engineer ing and Manage- 
ment Sc iences ,  Northwestern Un ive r s i ty ,  September, 1965. AS 

Dennis McCarthy, "The Response Behavior of Firms Confronted by Market 
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5.  SOURCES OF R AND D ACHIEVEMEKTS I N  ELECTRONICS SINCE 1945 

Objec t ive :  The o b j e c t i v e  is  t o  a t tempt  t o  r e l a t e  the  inc idence  of R & D 
achievements i n  e l e c t r o n i c s  t o  c e r t a i n  c h a r a c t e r i s t i c s  of the  o r g a n i z a t i o n s  
repor ted  t o  have been r e s p o n s i b l e  f o r  them. 

Supported by: 

P ro jec t  Leader: Dawson E .  Brewer. 

Nat iona l  Aeronaut ics  and Space Admin i s t r a t ion .  

Progress ,  September, 1965-September, 1966: Measures of the inc idence  of R 
and D achievements were developed and r e l a t e d  t o  the  c h a r a c t e r i s t i c s  of t h e  
o rgan iza t ions  r epor t ed  t o  have been r e s p o n s i b l e  f o r  them. 
veloped f o r  various degrees  of aggrega t ion  of the  achievements  accord ing  t o  
tes l i i i icai  f i e i d s  o r  products  a r e a s  i n  e l e c t r o n i c s .  I n  the  development Of the  
measures, c o n s i d e r a t i o n  was g iven  t o  the  r e s u l t s  of a q u e s t i o n n a i r e  t h a t  was 
sent  t o  a panel of s p e c i a l i s t s  who were asked t o  i n d i c a t e  t h e  s i g n i f i c a n c e  of 
i n d i v i d u a l  achievements.  Various c h a r a c t e r i s t i c s  of t h e  respondents  t o  t h e  
o r i g i n a l  survey on achievements were analyzed i n  r e l a t i o n  t o  t h o s e  of t h e  
e n t i r e  sample. 

Measures were de- 

Overa l l  Progress ,  1963-1966: I n  o r d e r  t o  measure t h e  a c t i v i t i e s  and R & D 
output  i n  e l e c t r o n i c s  of R & D o r g a n i z a t i o n s ,  a ma i l  survey  was conducted 
among i n d i v i d u a l s  who were cons ide red  t o  be knowledgeable i n  t h e  f i e l d  of 
e l e c t r o n i c s .  A geograph ica l ly  s t r a t i f i e d  sample of sendor members of t h e  
I n s t i t u t e  o f  Radio Engineers  was used as a b a s i s  f o r  t h e  survey. On t h e  
q u e s t i o n n a i r e ,  in format ion  was r eques t ed  as to :  1) the  employer, p o s i t i o n  
and f i e l d s  of t e c h n i c a l  i n t e r e s t  of t h e  respondent ;  2) a l i s t  of t h e  compan- 
ies o r  l a b o r a t o r i e s  doing t h e  most i n t e r e s t i n g  r e s e a r c h  and development i n  t h e  
respondent ' s  f i e l d s  of t e c h n i c a l  i n t e r e s t ;  and 3) a l i s t  of the  major t echn i -  
c a l  achievements  and companies o r  l a b o r a t o r i e s  a s s o c i a t e d  wi th  t h e  achieve- 
q e n t s  f o r  t h e  respondent ' s  f i e l d s  o f  t e c h n i c a l  i n t e r e s t .  

The s tudy  was focused p r i m a r i l y  upon in fo rma t ion  gene ra t ed  by t h e  q u e s t i o n s  
concerning the  major t e c h n i c a l  advances,  t h e  companies o r  l a b o r a t o r i e s  most 
r e s p o n s i b l e  f o r  the  r e s e a r c h  advance, and t h e  companies t h a t  made t h e  innova- 
t ions.  

A two-dimensional measure of the  R & D o u t p u t  o f  o r g a n i z a t i o n s  w a s  developed, 
one dimension r e l a t e d  t o  the  number o f  t e c h n i c a l  f i e l d s  wi th  which each o f  
the  o r g a n i z a t i o n s  was a s s o c i a t e d ,  and t h e  o t h e r  p e r t a i n e d  t o . t h e  p o s i t i o n ;  
o r  rank, of each  of t h e  Organ iza t ions  i n  r e l a t i o n  t o  o t h e r  o r g a n i z a t i o n s  t h a t  
were a s s o c i a t e d  wi th  a g iven  f i e l d  of technology. The two dimensions might 
be descr ibed  w i t h i n  t h e  c o n t e x t  o f  t h e  sou rce  o f  t h e  d a t a  as r e f l e c t h g  t h e  
b read th  and dep th  of t h e  R & D o u t p u t  o f  an  o r g a n i z a t i o n .  

These measures of R & D o u t p u t  were then  used f o r  purposes  of d e s c r i b i n g  and 
comparing the ou tpu t  o f  o r g a n i z a t i o n s  and c l a s s e s  of o r g a n i z a t i o n s  based upon 
what a r e  thought t o  be r e l e v a n t  measures  and c a t e g o r i e s .  

P u b l i c a t i o n s  : 

1960- 1965: 

62/5 A l b e r t  H. Rubens te in  and Dawson E ,  Brewer, Research and Development i n  
t h e  Chicago Area E l e c t r o n i c s  I n d u s t r y ,  Department o f  I n d u s t r i a l  Eng inee r ing  AP 
and Management S c i e n c e s ,  Nor thwes tern  U n i v e r s i t y ,  1962. 



6. THE ACQUISITION AND DEVELOPMENT OF NEW TECHNICAL SKILLS I N  RESEARCH AND 
DEVELOPMENT 

Objec t ive :  This  i s  an a t tempt  t o  l ea rn  t h e  c o s t  and time necessary  f o r  
R and D o r g a n i z a t i o n s  t o  b u i l d  new c a p a b i l i t i e s  i n  t e c h n i c a l  f i e l d s .  The 
concept  of "capab i l i t y"  and how i t  is achieved is  t h e  c e n t r a l  ques t ion  
under s tudy .  

Supported By: Nat iona l  Aeronaut ics  and Space Admin i s t r a t ion .  

P r o j e c t  Leader: Gustave J .  R a t h .  

Progress  September 1965-September 1966: The d a t a  from t h e  Human F a c t o r s  and 
Laser  s tudy  were coded and en te red  on punched ca rds .  Seve ra l  computer pro- 
grams f o r  d a t a  a n a l y s i s  were prepared and executed.  
l i s h e d  on t h e  human f a c t o r s  d a t a ,  and a f i n a l  r e p o r t  w a s  s t a r t e d .  An i n v e s t i -  
g a t i o n  on t h e  uses  of s imula t ion  fo r  t h e  p r o j e c t  w a s  c a r r i e d  o u t  and publ i shed  
A set  of  ins t ruments  was prepared f o r  t h e  pre- and p o s t - t r a i n i n g  t e s t i n g  of  
eng inee r s  who are about  t o  be r e t r a i n e d .  An ins t rument  f o r  t h e  s tudy  of  t he  
sou rces  of personnel  f o r  Hindsight  groups ( see  p r o j e c t  12)  was developed. 
This  a l s o  has  r e l evance  t o  p r o j e c t  10- -Pro jec t  S e l e c t i o n .  
p u t e r  program has been developed t o  query a personnel  d a t a  bank f o r  people  
wi th  g iven  a t t r i b u t e s .  

One s h o r t  note  was pub- 

A r e a l - t i m e  com- 

Overall Progress  1963-1966: 

C a p a b i l i t y  and Its Components: 
"Sk i l l s "  are a t t r i b u t e s  of people. A group of people  working toge the r  i n  
a t e c h n i c a l  a r e a  c o n s t i t u t e  a "capab i l i t y . "  The focus of t he  r e s e a r c h  has  
been changing, from o r g a n i z a t i o n  s t a t i s t i c s ,  through t h e  d e s c r i p t i o n  of peo- 
p l e  i n  s p e c i a l  f i e l d s ,  t o  t h e  s tudy of  i n d i v i d u a l  s k i l l  components. 

"Sk i l l s "  are requ i r ed  t o  do R and D. 

Human Factor-Laser  Study: A s e r i e s  o f  q u e s t i o n n a i r e s  which compare the  
development of  Human F a c t o r s  and Laser  c a p a b i l i t i e s  were mailed and 
200 u s i b l e  q u e s t i o n n a i r e s  (40%) have been- r e tu rned .  
pos ted ,  t h e  computer program fo r  a n a l y s i s  has been w r i t t e n  and t h e  d a t a  
has  been analyzed.  A few of the  s a l i e n t  r e s u l t s  a r e :  

The d a t a  has been 

1. A Human F a c t o r s  c a p a b i l i t y  r e p r e s e n t i n g  a "supporting" technology 
i s  much more a p t  t o  be s t a r t e d  under customer o r  management i n s t i g a t i o n .  
Laser groups,  r e p r e s e n t i n g  a "prime" t e c h n i c a l  c a p a b i l i t y ,  are of t e n  
s t a r t e d  by t h e  s c i e n t i s t s  and eng inee r s  i n  t h e  o r g a n i z a t i o n  under s tudy .  

2.  
t han  do Laser groups,  r e f l e c t i n g  t h e i r  suppor t ing  c h a r a c t e r .  

Human Fac to r s  o rgan iza t ions  change t h e i r  o b j e c t i v e s  much more o f t e n  

3.  I n . b o t h  Human F a c t o r s  o rgan iza t ions  and Laser  groups,  o r i g i n a l  sup- 
p o r t  and later suppor t  were e i t h e r  completely i n t e r n a l  o r  completely ex- 
t e r n a l  (very l i t t l e  c o s t  sha r ing  appeared).  

4. 
z a t i o n  personnel ,  followed later by h i r i n g .  Consul tan ts ,  i f  used a t  
a l l ,  were c a l l e d  i n  a f t e r  a major amount of t h e  s t a f f i n g  occurred.  

Both a c t i v i t i e s  were t y p i c a l l y  s t a r t e d  by t h e  assignment of organi -  

5 .  
tc! I c c e l c r a t e  t h e  s t a r t - u p  of groups f r e q u e n t l y  r e s u l t s  i n  l o s i n g  t i m e  
k n  achiev ing  a f i r s t  e f f e c t i v e  ou tpu t .  

Fu r the r  evidence has  been found f o r  t h e  p r o p o s i t i o n  t h a t  a t t empt ing  
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O r g a n i z a t i o n a l  Growth: I n  a r e c e n t l y  completed Master's t h e s i s ,  organf-  
z a t i o n a l - s t r u c t u r a l  changes were s t u d i e d  du r ing  a seven-and-a-half  y e a r  
pe r iod  i n  a n  i n d u s t r i a l  r e s e a r c h  and development l a b o r a t o r y .  The a n a l y s i s  
focused on t h e  d i f f e r e n c e s  i n  growth p a t t e r n s  between "app l i ed  r e sea rch"  
and "development" u n i t s .  

Pub 1 i c  a t ions  and Pape r s  : 

September 1965- September 1966: 

66/36 T. A. S t ruve  and G. J .  Rath, "Planning - Programming - Budgeting i n  
Education: A Systems Approach t o  C a p i t a l  Budgeting i n  School D i s t r i c t s ,  
Educat ional  Technology, Vol. V I ,  No. 11 (June 15, 1966), pp. 1-14. AP 

66/35 Gustave J F-ath ax! Richzrd Harmenberg, "Operations Research and Systems 
Analysis  i n  Education," Data P rocess ing  f o r  Education, Vol. 5,  No. 4 ( A p r i l ,  
1966), pp. 1-5. AS 

66/34 Gustave J .  Rath and Roger G.  Schroeder ,  "The Roles  of Mathematical 
Models i n  Educa t iona l  Research," Psychology i n  t h e  Schoo l s ,  October ,  1965. AS 

66/33 Gustave J .  Rath and Roaer G. Schroeder ,  "An Implementation C h e c k l i s t  
f o r  PI," Na t iona l  S o c i e t y  For-Programed I n s t r u c t i o n  J o u r n a l ,  Vol. LV, No. 8 
(October, 1965),  pp. 6-7. AP 

65/15 Robert  B.  Mart in ,  " S t r u c t u r a l  Development of  An I n d u s t r i a l  Research 
and Development Laboratory,"  A Master's T h e s i s ,  Department o f  I n d u s t r i a l  Engi- 
nee r ing  and Management Sc iences ,  Northwestern U n i v e r s i t y ,  February,  1966. F 

1960- 1965 : 

65/31 
Presented t o  t h e  S o c i e t y  f o r  Programmed and Automated Learning,  Chicago, A p r i l  
1, 1965. AS 

Gustave J .  Rath, "The Design and S y n t h e s i s  of  Educa t iona l  Systems," 

65/18 Gustave J .  Rath,  "The Systems Approach i n  P repa r ing  A u t o - I n s t r u c t i o n a l  
Programs," Teaching Aid N e w s ,  Saddlebrook, New J e r s e y ,  Vol. V, No. 1 (January,  
1965), pp. 1-21. AP 

65/16 Gustave J .  Rath,  and W i l l i a m  P. Allman, "Computers: A p p l i c a t i o n s  t o  
the Q u a n t i f i c a t i o n  of  Human Performance," Human F a c t o r s ,  December, 1964. AP 

64/14 Gustave J .  Rath and A l b e r t  H.  Rubenstein,  " E s t a b l i s h i n g  New R and D 
S k i l l s , "  P resen ted  a t  t h e  I n s t i t u t e  o f  Management S c i e n c e s  O p e r a t i o n s  Researck 
Soc ie ty  of  America, Minneapol is ,  October ,  1964. L 

64/12 
Proceedings o f  t h e  Conference on t h e  Q u a n t i f i c a t i o n  of Human Performance, 
Alburquerque, August, 1964. AS 

63/21 Robert  B.  Mar t in ,  "New T e c h n i c a l  S k i l l  Development," A S u m a r y  o f  Semi- 
nar D i scuss ions ,  Department of I n d u s t r i a l  Eng inee r ing  and Management Sc iences  

Gustave J .  Rath,  "The A n a l y s i s  of Behavior f o r  Educa t ion  and T r a i n i n g , '  

Northwestern U n i v e r s i t y ,  December, 1963. L 
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7 .  INTEGRATION AND UTILIZATION OF MANAGEMENT SCIENCE ACTIVITIES I N  ORGANIZATIONS 

Objec t ive :  The s tudy  i s  concerned with t h e  g e n e r a l  p rocess  of i n t r o d u c t i o n  
and adop t ion  of o p e r a t i o n s  r e s e a r c h  and management s c i e n c e  (OR/MS) a c t i v i t i e s  
i n  o r g a n i z a t i o n s .  The o b j e c t i v e  i s  to d e s c r i b e  and then ,  hope fu l ly ,  t o  pre-  
d i c t  t h e  t r a n s i t i o n  of  o p e r a t i o n s  r e s e a r c h  and o t h e r  management s c i e n c e  
groups through t h e  v a r i o u s  phases i n  t h e i r  l i f e  c y c l e ,  which have been i d e n t i -  
f i e d .  The e f f e c t s  of many i n t e r n a l  and e x t e r n a l  f a c t o r s  a r e  being t e s t e d  i n  
a s e r i e s  of  s t u d i e s .  

Supported By: Na t iona l  Aeronau t i c s  and Space Admin i s t r a t ion .  

P r o j e c t  Leader: Michael Radnor. 

P rogres s  September 1965-September 1966: Data c o l l e c t i o n  was cons ide rab ly  
i n t e n s i f i e d  du r ing  t h i s  p e r i o d .  
approximately 25 in-depth company s t u d i e s  were completed,  i nvo lv ing  some 120 
s e p a r a t e  in t e rv i ews .  A p a r a l l e l  s tudy  was i n i t i a t e d  i n  t h e  f e d e r a l  c i v i l i a n  
a g e n c i e s .  Th i s  phase of  t h e  s t u d y  i s  now f u l l y  under way, and approximately 
a dozen agenc ie s  have a l r e a d y  been sub jec t ed  t o  s tudy.  P re l imina ry  a r r ange -  
ments were made t o  se t  up a similar s tudy i n  England. A p i l o t  s tudy  was 
undertaken t h e r e  i n  September 1966. Con t inua t ion  of t h i s  phase of t h e  pro- 
j e c t  w i l l  be s u b j e c t  t o  t h e  a v a i l a b i l i t y  o f  new funds t o  suppor t  t h i s  B r i t i s h  
p r o j e c t .  A paper was p resen ted  a t  t h e  I n t e r n a t i o n a l  Conference of the  I n s t i -  
t u t e  of  Management Sc iences ,  Vienna, September 1965, and ano the r  i n v i t e d  paper 
was g iven  t o  t h e  Annual Meeting o f  t h e  B r i t i s h  O p e r a t i o n a l  Research S o c i e t y ,  
Reading, September 1966. A Ph.D. D i s s e r t a t i o n  i n  t h i s  area is  underway. 
Two o t h e r  pape r s  were completed i n  t h e  pe r iod .  

Using a n  expanded and r e v i s e d  instrument ,  

O v e r a l l  P rogres s  1960-1966: Th i s  s tudy has  proceeded i n  s e v e r a l  phases:  

1961-1962: Members of  Operat ions Research groups fiom some 40 companies 
were interviewed concerning t h e  h i s t o r y ,  o r g a n i z a t i o n  and a c t i v i t i e s  of  
t h e  groups.  
S o c i e t y  of America (ORSA) and supplementary informant  d a t a ,  s t a t i s t i c a l  
d a t a  were ob ta ined  which g i v e  some i n d i c a t i o n  of t h e  b i r t h s ,  p rog res s ,  
and i n  many cases, d e a t h s  o f  OR groups.  
( p r e - b i r t h ,  i n t r o d u c t o r y ,  t r a n s i t i o n a l  and m a t u r i t y )  was explored.  One 
pape r  was published and a second working paper  w a s  presented t o  a pro- 
f e s s i o n a l  s o c i e t y  meeting . 

Using t h e  membership r o s t e r  of  t h e  Opera t ions  Research 

The concept  of  "Life  Cycle Phases" 

1962-1964: I n  a d d i t i o n  t o  t h e  c o n t i n u a t i o n  o f  d a t a  c o l l e c t i o n  from ind i -  
v i d u a l  members of OR groups,  s e v e r a l  in-depth c a s e  s t u d i e s  were c a r r i e d  
o u t .  Members of management and c l i e n t s  were in t e rv i ewed .  TWO Master's 
t h e s e s  were completed. One d e a l t  w i t h  the concept  o f  " c l i e n t  r e c e p t i v i t y "  
as a key v a r i a b l e ,  which was measured i n  terms of  t he  c l i e n t ' s  w i l l i n g n e s s  
t o  a l l o w  t h e  OR group t o  select  p r o j e c t s ,  c o l l e c t  d a t a ,  and implement 
completed p r o j e c t s .  
model" i n  a n  a t t empt  t o  r e l a t e  t h e  v a r i o u s  c o n t r i b u t i n g  f a c t o r s  i n  t h e  i m -  
p l e m e n t a t i o n  phase and t h e  success o f  the  p r o j e c t s .  
t u r e  s e a r c h  was made to  determine t h e  v a r i a b l e s  t h a t  v a r i o u s  a u t h o r s  
b e l i e v e d  were s i g n i f i c a n t  i n  the success  o r  f a i l u r e  of  groups l i k e  OR/MS 
g roups .  

A second t h e s i s  d e a l t  w i t h  a n  "implementation phase 

An e x t e n s i v e  l i t e r a -  

1964-1966: 
s i d e r a t i o n  of  t h e  i n t e g r a t i o n  of management s c i e n c e  a c t i v i t i e ~  i ~ t n  nrgani- 
z a t i o n s .  

During t h i s  p e r i o d  the s tudy  was expanded t o  a more g e n e r a l  con- 

The change i n  emphasis from a n  "OR group" focus t o  t h a t  of  t he  



organ iza t ion"  i n  which management sc i ence  a c t i v i t i e s  were appea r ing ,  w a s  
cont inued.  Some 25 in -dep th  company s t u d i e s  were c a r r i e d  o u t ,  i n  which 
members of OR/MS groups,  i n d i v i d u a l s  performing OR/MS a c t i v i t i e s  i n  v a r i o u s  
e x i s t i n g  l i n e  and s t a f f  f u n c t i o n s ,  members of management, c l i e n t s  and re- 
l a t e d  s t a f f  personnel  were a l l  interviewed.  

11 

There was c o n s i d e r a b l e  development of  theory and of r e s e a r c h  i n s t r u m e n t s .  
Data t h a t  i s  c u r r e n t l y  being c o l l e c t e d  r e l a t i v e  t o  t h e  fo l lowing  v a r i a b l e s  
inc ludes :  t h e  h i s t o r y ,  l o c a t i o n  and o r g a n i z a t i o n  of  OR/MS a c t i v i t i e s ;  t he  
mis s ion  performance and p r o j e c t s  of  t he  v a r i o u s  a c t i v i t i e s ;  pe r sonne l  and 
l e a d e r s h i p ;  managerial  suppor t ;  c l i e n t  r e c e p t i v i t y ;  r e p u t a t i o n  and success  
of OR/MS a c t i v i t i e s ;  adequacy of r e s o u r c e s  a v a i l a b l e ;  o p p o s i t i o n  encountered 
problems of  implementation of p r o j e c t s ;  and r e l a t i o n s  wi th  s t a f f  groups.  

Data f i l e s  on personnel  were brought up t o  d a t e  (from t h e  ORSA l i s t i n g s )  
and added t o  ( t h e  I n s t i t u t e  of Management Sc iences  r o s t e r s ,  and v a r i o u s  
c o n f i d e n t i a l  p e r s o n n e l - f i l e  l i s t i n g s ) .  A punched c a r d  and t a p e  system was 
developed which w i l l  f a c i l i t a t e  both the  t r a c k i n g  of pe r sonne l  movements 
between o r g a n i z a t i o n s ,  and the h i s t o r i e s  of v a r i o u s  o r g a n i z a t i o n a l  a c t i v i -  
t i es .  The  s tudy  was expanded i n t o  f e d e r a l  c i v i l i a n  a g e n c i e s  and a s t a r t  
made t o  i n i t i a t e  s imilar  s t u d i e s  i n  e d u c a t i o n a l  i n s t i t u t i o n s  and i n  Great  
B r i t a i n .  

Three papers  were w r i t t e n ,  one i s  i n  p r o g r e s s ,  and s e v e r a l  more are planned. 
A Ph.D. d i s s e r t a t i o n ,  a lmost  completed,  i s  s tudy ing  the  e f f e c t s  of o rgan i -  
z a t i o n a l  changes and r e sponses  gene ra t ed  i n  Purchasing Departments by the  
I n t r o d u c t i o n  of management s c i e n c e  a c t i v i t i e s  ( p r i m a r i l y  computer systems) .  

P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

66/24 Michael Radnor and A l b e r t  H. Rubenstein,  " I n t e g r a t i o n  and U t i l i z a t i o n  
of  Management Sciences A c t i v i t i e s  i n  Organ iza t ions , "  P resen ted  t o  t h e  Annual 
Conference of t h e  B r i t i s h  O p e r a t i o n a l  Research S o c i e t y ,  Reading, England, 
September, 1966. 

66/19 Gustave J .  Rath,  "Management Sc ience  i n  U n i v e r s i t y  Opera t ion , "  Paper 
presented t o  meeting of  The I n s t i t u t e  of  Management Sc iences ,  Dal las ,  Februa ry ,  
1966. AP 

66/9 Richard C .  Hannenberg, "Some P o t e n t i a l  A p p l i c a t i o n s  of Systems Ana lys i s  
t o  a D i s t r i c t  School System," A working p a p e r ,  Department o f  I n d u s t r i a l  
Engineering and Management S c i e n c e s ,  Northwestern U n i v e r s i t y ,  September, 
1965. AS 

1960- 1965 : 

65/26 A l b e r t  H. Rubenstein,  Michael Radnor, Norman R .  Baker, David R .  
Heiman, and John B.  McColly, "Some O r g a n i z a t i o n a l  F a c t o r s  R e l a t e d  t o  the  
E f f e c t i v e n e s s  of Management S c i e n c e  Groups i n  I n d u s t r y , "  P resen ted  a t  t h e  
1 2 t h  I n t e r n a t i o n a l  Meeting of  t he  I n s t i t u t e  of  Management S c i e n c e s ,  Vienna, 
September, 1965. AP 



2 1  

64/18 David R. Heiman, "A Procedure for P r e d i c t i n g  the  P o t e n t i a l  Success 
o r  F a i l u r e  of  a n  OR/MS A c t i v i t y , "  A Master ' s  Thes i s ,  Department of I n d u s t r i a l  
Engineer ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  May, 1964. F 

63/17 David R.  Heiman, " L i s t  of Var i ab le s  i n  the  B i r t h  and Death o f  Opera t ions  
Research Groups, A S i m a r y  of  Seminar Discussions,"  Department of I n d u s t r i a l  
Engineer ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  November, 1963. L 

63/8 Norman R. Baker, "Desc r ip t ive  Model of Seve ra l  Environmental F a c t o r s  
A f f e c t i n g  I n d u s t r i a l  Opera t ions  Research - Management Science A c t i v i t i e s , "  
A Master's Thes i s ,  Department of I n d u s t r i a l  Engineer ing and Management Sc iences ,  
Northwestern U n i v e r s i t y ,  August, 1963. AS 

61/2 A l b e r t  H. Rubenstein and John B. McColly, "Phases i n  t h e  L i f e  Cycle 
of I n d u s t r i a l  Opera t ions  Research Groups , "  Presented a t  t h e  J o i n t  I n s t i t u t e  
of Management Sc iences  - Operat ions Research S o c i e t y  of  A m e r i c a  Meeting, San 
F ranc i sco ,  November, 1960. AS 

60/1 A l b e r t  H. Rubenstein,  " I n t e g r a t i o n  of Operat ions Research i n t o  t h e  
Firm," J o u r n a l  of I n d u s t r i a l  Engineering, Vol. XV, No. 5 (September-October, 
1960),  pp. 421-427. AS 
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8. LIAISON REI.A?.'IONS: TRANSITION AND INTERFACE PROBLEMS BETWEEN PHASES OF . 
RESEARCH, DEVELOPMENT AND APPLICATION 

Object ive:  
between working groups involved i n  t h e  r e s e a r c h  and development p rocess .  One 
a spec t  of  t h e  s t u d y  focusses  upon the  i n t e r f a c e  between "systems planning and 
design' '  groups and " re sea rch  and development" groups.  

Th i s  s tudy  invo lves  a n a l y s i s  o f  problems of  i n fo rma t ion  exchange 

Supported by: RAND Gorporat ion Department o f  Defence and Na t iona l  Aerounau- 
t i c s  and Space Admin i s t r a t ion .  

P r o j e c t  Leader: A l b e r t  H. Rubenstein.  

Propress  September 1965-September 1966: An i n v e s t i g a t i o n  of t h e  l i t e r a t u r e  
d i r e c t l y  invo lv ing  working group i n t e r f a c e s  and l i a i s o n  r e l a t i o n s  r e s u l t e d  i n  
an i n t e r n a l  working paper p rov id ing  s e v e r a l  models of t h e  l i a i s o n  p rocess  
and a number of  p r o p o s i t i o n s .  Two i n s t rumen t s  were developed and p i l o t  t e s t e d  
f o r  P r o j e c t  12. A s tudy-des ign  working paper was publ ished and s e v e r a l  
i n t e rv i ew ins t rumen t s  are being developed f o r  s t u d y  of t h e  "Systems-R and D" 
i n t e r f a c e .  

Overa l l  P rogres s  1964-1966: Th i s  s t u d y  was o r i g i n a l l y  conceived as focus- 
ing upon t h e  v i t a l  i n t e r f a c e  o c c u r r i n g  between systems p lann ing  and d e s i g n  
groups involved i n  complex m i l i t a r y  and space sys t ems ,  and r e s e a r c h .  I t  
has been expanded t o  inc lude  t h e  i n t e r f a c e s  o c c u r r i n g  between a l l  t y p e s  of 
r e s e a r c h  and development groups.  

Systems-R and D Study: A p r e l i m i n a r y  h i s t o r i c a l  a n a l y s i s  was made of  t h e  
materials problems r e q u i r i n g  s t a t e - o f - t h e - a r t  advances i n  t h e  development 
of a major weapon system t o  determine t h e  e x t e n t  of  semantic b a r r i e r s  as 
a f a c t o r  i n  t h e  Systems-R and D i n t e r f a c e .  Most of t he  documents used 
were c l a s s i f i e d ,  and no d e t a i l e d  r e p o r t  on t h i s  s p e c i f i c  s t u d y  w i l l  be 
a v a i l a b l e .  
t h e  p o t e n t i a l  e f f e c t s  o f  communication problems a t  t h e  Systems-R and D 
i n t e r f a c e .  Th i s  des ign ,  i n  c o n j u n c t i o n  w i t h  t h e  s t u d y  d i s c u s s e d  below, i s  
being pursued wi th  t h e  development of i n s t r u m e n t s  and an i n i t i a l  f i e l d  
s tudy  i n  a major government agency. 

A p r e l i m i n a r y  f i e l d - s t u d y  d e s i g n  w a s  formulated f o r  de t e rmin ing  

L i a i s o n  T r a n s f e r  Study: A su rvey  o f  t h e  l i m i t e d  l i t e r a t u r e  d e a l i n g  w i t h  
the  i n t e r f a c e s  occurr-ing between p a r a l l e l  r e s e a r c h  and development working 
groups and groups involved i n  t h e  t r a n s i t i o n  of a body o f  work from one 
stage t o  t h e  n e x t  gene ra t ed  several models of  v a r i o u s  a s p e c t s  of  t h e  pro- 
c e s s  and a number o f  hypotheses  of  p o t e n t i a l  in terest .  From t h i s  work a 
q u e s t i o n n a i r e  and a n  i n t e r v i e w  ins t rumen t  were developed and p i l o t - t e s t e d  
f o r  u s e  i n  P r o j e c t  12. 

Findings: R e s u l t s  o b t a i n e d  from t h e  p i l o t  s t u d y  and r e c e n t  l i t e r a t u r e  
p o i n t  t o  a predominance o f  communication b e i n g  handled through in fo rma l  
l i a i s o n  r o l e s  r a t h e r  t han  by formal  l i a i s o n  a g e n t s  o r  w r i t t e n  media. 
However, t h e  formal l i a i s o n  r o l e  does appea r  t o  be e f f e c t i v e  i n  some c i r -  
cumstances. These p r e l i m i n a r y  r e s u l t s  and o t h e r  q u e s t i o n s  must be examined 
r i g o r o u s l y  and comprehensively b e f o r e  more d e f i n i t e  f i n d i n g s  c a n  be reportec 
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P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

66/23 
The Department of  I n d u s t r i a l  Engineering, and Management Sc iences ,  North- 
wes te rn  Un ive r s i ty ,  J anua ry ,  1966. AP 

Daniel  L. Kegan, "A Technology T r a n s f e r  Flow Diagram," A working paper,  

66/21 
o f  S e l e c t e d  Communication Problems a t  the I n t e r f a c e  Between Systems Planning 
and Research and Development," A Working Paper,  Department of I n d u s t r i a l  Engi- 
nee r ing  and Management Sc iences ,  Northwestern U n i v e r s i t y ,  June ,  1966. L 

A l b e r t  H. Rubenstein,  "Some Prel iminary Notes on a Proposed Study 

66/6 Char l e s  F. Douds and A l b e r t  H.  Rubenstein,  "Some Models of O r g a n i z a t i o n a l  
I n t e r f a c e s  i n  t h e  R and D Process ,"  A Working P a p e r ,  Department of I n d u s t r i a l  
Engineer ing and Maiiagement Sc iences ,  Northwestern Unv ie r s i ty ,  March, 1966. AP 
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9. THE INFORMATION-SjEEKING BEHAVIOR OF RESEARCHERS 

Object ive:  
s c i e n t i s t s  and eng inee r s .  
upon h i s  own pe r sona l  s t y l e  and t h e  c o n t e n t  o f  h i s  work. 
may c o n s t r a i n  h i s  s t y l e  o r  may determine what s p e c i f i c  behavior  he fo l lows .  

Many d i f f e r e n t  information-seeking behav io r s  are a v a i l a b l e  t o  
The behavior  s e l e c t e d  by a g iven  i n d i v i d u a l  depends 

H i s  o r g a n i z a t i o n  

T h i s  r e s e a r c h  i s  concerned,among o t h e r  t h i n g s , w i t h  determining whether com- 
mon p a t t e r n s  of  information-seeking e x i s t  among o r g a n i z a t i o n s , .  as opposed 
to  the e x i s t e n c e  of a wide v a r i e t y  of  behav io r s  which are c o n s t r a i n e d  by 
s p e c i f i c  se ts  of o r g a n i z a t i o n a l  r e s o u r c e s .  It i s  hypothesized t h a t  informa- 
t i on - seek ing  stgle is  a s t a b l e  behavior  p a t t e r n ,  developed s lowly ove r  t h e  
p r o f e s s i o n a l  l i f e t i m e  of an i n d i v i d u a l .  The information-seeking s t y l e s  pre-  
v a l e n t  i n  a group may be one determinant  of R and D group e f f e c t i v e n e s s .  

Supported by: 
Library of  Medicine, Pub l i c  Hea l th  S e r v i c e .  

Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  and Nat ional  

P r o j e c t  Leader: Gustave J .  Rath 

Progress  September 1965-September 1966: A p i l o t  s t u d y  o f  medical  r e s e a r c h e r s  
has been completed,  and r e p o r t e d  as a Master ' s  t h e s i s .  A paper h i g h l i g h t i n g  
a s p e c i f i c  case of s e a r c h  vs .  r e s e a r c h  was prepared.  
lographers  and a s i x  month p o s t - t e s t  have been completed,  and t h e  f i r s t  phase 
has been reduced, analyzed and r e p o r t e d .  The second phase has  been analyzed 
and t h e  d r a f t  o f  t h e  r e p o r t  i s  being r e v i s e d .  The r e c e i p t  o f a  new g r a n t  has 
led t o  t h e  i n i t i a t i o n  of  a n  e x t e n s i v e  program o f  s i t e  p r e p a r a t i o n  which i s  
s t i l l  under way. The o r i g i n a l  i n s t rumen t s  and taxonomy of  i n fo rma t ion  ser- 
v i c e s  are under r e v i s i o n ,  and new ones are  be ing  developed. 
ment of t h e  theo ry  of  information-seeking behavior  i s  under way. 
instruments  which concern in fo rma t ion - seek ing  behavior  have been developed and 
a r e  undergoing f i e l d  t es t s .  The in s t rumen t s  are concerned wi th  de t e rmin ing  
the r e l a t i o n s h i p s  between s e r v i c e s ,  o r  media, and s p e c i f i c  phases  of t h e  R 
and D p rocess .  

A s t u d y  of  X-ray c r y s t a l -  

F u r t h e r  develop- 
A series of  

Overa l l  P rogres s  1964-1966: Three s t u d i e s  have been c a r r i e d  o u t ,  a n o t h e r  h a s  
been s t a r t e d ,  and a working confe rence  was h e l d  t o  d i s c u s s  c u r r e n t  problems-- 
methodology, d a t a  c o l l e c t i o n ,  and theory-- i n  t h e  f i e l d  of r e s e a r c h e r s '  needs 
f o r  information.  The s t u d i e s  are: 

1. The f i r s t  s t u d y  c o n s i s t s  of 
t h e  o b s e r v a t i o n  i n  rea l  t i m e  of  a group of  medical  r e s e a r c h e r s ,  c o n s i s t i n g  

A Study o f  a Small  Medical Research Team. 

of t h r e e  M.D ' s  and one biochemist ,  The s u b j e c t s  r e p o r t e d  on t h e i r  informa- 
t i on - seek ing  behavior  by t e l ephone  through o u r  Telephone Data C o l l e c t i o n  
System, by f i l l i n g  o u t  a c t i v i t y  c a r d s ,  and by p a r t i c i p a t i n g  i n  o t h e r  method 
of d a t a  c o l l e c t i o n .  
l i b r a r i a n - - w a s  i n s t i t u t e d  and i t s  e f f e c t s  observed.  Th i s  r e s e a r c h  served 
a s  the  t e s t i n g  ground f o r  t h e  methodology and t echn iques  which are be ing  
used i n  f u r t h e r  s t u d i e s .  
Thesis  65/35).  

An expe r imen ta l  t r e a t m e n t - - p r o v i s i o n  of  a medical  

( F u r t h e r  d e t a i l s  a re  i n  t h e  a b s t r a c t  of Werner 's  

2 .  
i n  n i n e  o r g a n i z a t i o n s - - 5  i n  f o r - p r o f i t  o r g a n i z a t i o n s  and 4 i n  n o n - p r o f i t  
ones--has been c a r r i e d  o u t .  
n e e r s ,  one a n  e x p e r i m e n t a l  s u b j e c t ,  and t h e  o t h e r  a " c o n t r o l , "  were s t u d i e  

A Study of X-Ray C r y s t a l l o g r a p h e r s .  A s t u d y  of x-ray c r y s t a l l o g r a p h e r s  

I n  e a c h  o r g a n i z a t i o n ,  two s c i e n t i s t s  o r  engi- 
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Data ' was c o l l e c t e d  on t h e i r  c u r r e n t  awareness,  s p e c i f i c ,  and exhaus t ive  
sea rch  a c t i v i t i e s .  An informat ion  t r ans i en t ,  c o n s i s t i n g  of a package o f  
s p e c i f i c a l l y  developed informat ion  which might be usefu1,was given t o  t h e  
exper imenta l  s u b j e c t s .  The package included STAR A b s t r a c t s ,  information 
on t h e  a v a i l a b i l i t y  o f  t he  Nat iona l  R e f e r r a l  Center  (Library  of Congress) ,  
Argonne Nat iona l  Laboratory and o t h e r  s p e c i a l  s e r v i c e s  which these  s c i e n t i s t s  
and eng inee r s  might n o t  know of o r  might nor  have p rev ious ly  u s e d .  The i r  re- 
a c t i o n s  t o  t h i s  new informat ion  were observed and recorded.  The s u b j e c t s  re- 
por ted  a range of  3 t o  15 information-seeking even t s  a day. Some f i n d i n g s  were: 

a .  Researchers  i n  many c a s e s  do not  use new s e r v i c e s  which a r e  o f f e r e d  
t o  them, even though they  say  they  d e s i r e  t h e  s e r v i c e s .  
b. Researchers  i n  a few c a s e s  do not  even d i r e c t l y  examine t h e  s e r v i c e s  
o f f e r e d .  
c .  Researchers  o f t e n  perce ive  t h a t  t hey  do n o t  have t i m e  t o  use new 
s e r v i c e s .  

P u b l i c a t i o n s  and Papers:  

September, 1965-September, 1966: 

66/31 A l b e r t  H. Rubenstein and Gustave J. Rath,  "Some Pre l iminary  Experiments 
and a Model of Information-Seeking S t y l e  of  Researchers ,"  
t a t i o n  t o  t h e  Nat iona l  Conference on Adminis t ra t ion  of  Research, October ,  
1966. AP 

Prepared f o r  Presen- 

5 5 / 2 0  Richard W. Trueswell  and Albe r t  H. Rubenstein,  "Information-Searching 
Behavior of Phys ic ians ,  'I The Department of  I n d u s t r i a l  Engineer ing and Manage- 
ments Sc iences ,  Northwestern Un ive r s i ty ,  October,  1966. AS 

65/37 Gustave J .  Rath,  Richard W. Trueswell ,  and A l b e r t  H. Rubenstein,  "An 
Experiment i n  Measuring C e r t a i n  Aspects of t h e  Information-Searching Behavior 
Of X-Ray Crys t a l log raphe r s , "  Technical  Report  No. 1, Presented  a t  Meeting of 
The I n s t i t u t e  o f  Management Sc iences ,  Da l l a s ,  February,  1966. AP 

65/35 David J. Werner, "A Study of the  Information-Seeking Behavior o f  Med- 
i ca l  Researchers , "  A Master's Thes i s ,  Department of  I n d u s t r i a l  Engineer ing and 
Management Sc iences ,  Northwestern Un ive r s i ty ,  December, 1965. AS 

65/33 David J. Werner, Gustave J .  Rath, A lbe r t  H. Rubenstein,  "A Case o f  
Sea rch  vs .  Experiment," A working paper,  Department of  I n d u s t r i a l  Engineer ing  
and Management Sc iences ,  Northwestern Un ive r s i ty ,  December, 1965. AP 

1960- 1965 : 

65/5 Gustave J .  Rath,  " I n i t i a l  S t eps  Toward S t u d i e s  of t h e  Informat ion  Behavior 
of S c i e n t i s t s  and Engineers ,"  Informat ion  System Sc iences ,  (Washington: 
S p a r t a n  Books, Inc . ,  1965). AP 
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64/19 "A Proposal  f o r  a Study of  Research Personnel  i n  Thei r  Informat ion  * 

Environment," The Department of I n d u s t r i a l  Engineer ing and Management Sc iences ,  
Northwestern U n i v e r s i t y ,  August, 1964. AP 

6212 Albe r t  H. Rubenstein,  "Timing and Form of  Researchers  Needs f o r  Techni- 
v 

c a l  Informat ion ,"  J o u r n a l  of Chemical Documentation, Vol. 2 ,  NO. 28, (19621, 
pp. 28-31. AP 

6115 Gustave J .  Rath,  A. Resnick, and T. R .  Savage, "The Formation of  Ab- 
s t r a c t s  by the  S e l e c t i o n  of Sentences,"  American Documentation, V O ~ .  12,  
No. 2 ,  1961. AS 

61/4 Gustave J .  Rath,  A.  Resnick, and T. R. Savage, "Comparisons of  Four - -  
Types of Lex ica l  I n d i c a t o r s  of Content ,"  American Documentation, Vol. 12,  
No. 2 ,  1961. AS 
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. 10. PROJECT SELECTION I N  R AND D 

Ob jec t ive :  
and t o  formulate  models t h a t  might be used t o  improve i t .  
o b j e c t i v e  i s  a "real- t ime" information and computation system t o  a i d  the  R 
and D manager i n  h i s  p r o j e c t  s e l e c t i o n  and review. 

To d e s c r i b e  t h e  c u r r e n t l y  used R and D p r o j e c t - s e l e c t i o n  p rocess  
The long run  

Supported By: 
Naval Research. 

Na t iona l  Aeronaut ics  and Space Admin i s t r a t ion  and O f f i c e  of 

P r o j e c t  Leaders:  A l b e r t  H. Rubenstein and Arthur  P. H u r t e r  

P rogres s  September, 1965-SeptemberY 1966: In t e rv i ews  wi th  R and D d e c i s i o n  
makers are c u r r e n t l y  being conducted a t  t h r e e  l a r g e  i n d u s t r i a l  concerns.  
The i r  purpose i s  t o  trace t h e  d e c i s i o n s  made, on the  p r o j e c t s  now under con- 
s i d e r a t i o n  i n  each f i r m ,  through t h e  a p p r o p r i a t e  series of d e c i s i o n  makers. 
A t  each s t e p ,  w e  are a t t empt ing  t o  o b t a i n  t h e  v a l u e s  of  t he  in fo rma t ion  items 
and d e c i s i o n  c r i t e r i a  employed. 

With t h e s e  d a t a  we at tempted to :  (1) d e s c r i b e  i n  d e t a i l  t he  R and D p r o j e c t  
s e l e c t i o n  p rocess  i n  each f i rm;  (2) compare, u s ing  d i s c r i m i n a n t  a n a l y s i s ,  d e c i -  
s i o n s  made with t h e  c h o i c e s  i n d i c a t e d  by s t anda rd  d e c i s i o n  r u l e s  i n  o r d e r  t o  
determine whether or n o t  f i r m s  behave as i f  t hey  employed t h e s e  r u l e s ;  (3) 
p rov ide  i n s i g h t  f o r  t he  c o n s t r u c t i o n  of a p p l i c a b l e  p r e s c r i p t i v e  models. 

It was thought t h a t  i t e m  (2) could be i n v e s t i g a t e d  by using in fo rma t ion  r e -  
corded by t h e  f i r m s  on p r o j e c t  d e c i s i o n s  made i n  t h e  p a s t .  However, t h e s e  
h i s t o r i c a l  works proved inadequate  and t h e  a t t empt  was d i scon t inued .  

A d r a f t  of  a working paper has been completed which reviews t h e  l i t e r a t u r e  
o n . s u b j e c t i v e  p r o b a b i l i t y  wi th  p a r t i c u l a r  emphasis on u s e f u l  a p p l i c a t i o n  i n  
R and D p r o j e c t  s e l e c t i o n  models. 

F u r t h e r  d i s c u s s i o n  and planning have t a k e n  place r e l a t i v e  t o  t h e  proposed 
o r g a n i z a t i o n  and o p e r a t i o n  of a TIMS Col l ege  on Research and Development 
(COLARD) s tudy  committee on R and D p r o j e c t - s e l e c t i o n  c r i t e r i a .  P o t e n t i a l  
r e s e a r c h  teams and a s s o c i a t e d  geograph ica l  areas have been de f ined .  Some 
i n t e r a c t i o n  has  occur red  between t h e  s t u d y  c o o r d i n a t o r  and l i k e l y  p a r t i c i -  
p a n t s  a t  t h e  v a r i o u s  geograph ica l  l o c a t i o n s .  It is proposed t h a t  t h e  re- 
s e a r c h  teams g a t h e r  d a t a  from l o c a l  i n d u s t r i a l ,  u n i v e r s i t y ,  and government 
R and D l a b o r a t o r i e s .  

Two f i e l d  s t u d i e s  were cont inued and one major f i e l d  i n v e s t i g a t i o n  was i n i -  
t i a t e d .  Two of  t h e  f i e l d  s i t e s  are i n d u s t r i a l  l a b o r a t o r i e s ;  t h e  t h i r d  is  a 
new government r e s e a r c h  l a b o r a t o r y .  

Empi r i ca l  S t u d i e s :  These are underway i n  t h e  two i n d u s t r i a l  l a b o r a t o r i e s .  
S t r u c t u r e d  i n t e r v i e w s  and q u e s t i o n n a i r e s  a r e  being u t i l i z e d  i n  a n  a t t empt  
t o  i d e n t i f y  d e c i s i o n  c r i t e r i a  and to measure t h e  r e l a t i v e  importance of t h e  
i d e n t i f i e d  d e c i s i o n  c r i t e r i a  f o r  t h e  p r o j e c t  s e l e c t i o n  d e c i s i o n s .  The d a t a  
b a s e  f o r  t h e s e  s t u d i e s  is t h e  s e t  of p roposa l s  cons ide red  by management f o r  
R & D p r o j e c t  s t a t u s  du r ing  t h e  1965-66 f i s c a l  year  (approximately 165 pro- 
p o s a l s  over  t h e  two l a b o r a t o r i e s ) .  

Real-time Study: Th i s  i s  scheduled t o  s t a r t  w i t h  t he  p roposa l s  f o r  the 
f i s c a l  yea r  1966-67 a s  aii LnttF11 d a t l  base.  Accordingly,  t h e  p roposa l s  
under c o n s i d e r a t i o n  f o r  1966-67 a r e  being documented, and r e l e v a n t  dec i -  
s i o n  in fo rma t ion  i s  being c o l l e c t e d .  



28 

The p r o j e c t - s e l e c t i o n  models now i n  t h e  l i t e r a t u r e  have been reviewed and 
c l a s s i f i e d  according t o  a n a l y t i c a l  s t r u c t u r e .  Three o r  f o u r  g e n e r a l  models 
are being c o n s t r u c t e d ,  under which t h e  l a r g e  number of  models now i n  t h e  
l i t e r a t u r e  can  be viewed a s  s p e c i a l  c a s e s .  These models, and a c a p i t a l  in-  
vestment model p r e s e n t l y  being developed, w i l l  be e v a l u a t e d  f o r  f e a s i b i l i t y  
and d e s i r a b i l i t y  du r ing  t h e  real-t ime study.  

O v e r a l l  Progress  1964-1966: During t h i s  pe r iod  a p re l imina ry  d e s i g n  w a s  
formulated f o r  a long-term s tudy  of  t h e  information requirements  t o  suppor t  
improved p r o j e c t  s e l e c t i o n  i n  R and D. P re l imina ry  work was i n i t i a t e d  on 
t h i s  s t u d y  i n  t h e  l a t e  sp r ing .  It c o n s i s t s  of two major (methodological)  
approaches: (1) a formal one employing t h e  t h e o r i e s  and t echn iques  from 
economic theo ry  and o p e r a t i o n s  r e s e a r c h ;  and, (2) a n  e m p i r i c a l  one employing 
t h e o r i e s  and techniques from t h e  f i e l d  of  o r g a n i z a t i o n  theory.  

Work on the "formal" phase of  t he  p r o j e c t  by two i n v e s t i g a t o r s  was begun i n  
June 1965. Since a n  important  premise on which our  r e s e a r c h  w i l l  be based 
is  t h a t  r i s k  and u n c e r t a i n t y  p l ay  dominant r o l e s  i n  R and D p r o j e c t  s e l e c t i o n ,  
w e  have begun wi th  a s tudy  o f  s u b j e c t i v e  p r o b a b i l i t y .  
j e c t i v e  p r o b a b i l i t y ,  both t h e o r e t i c a l  and "appl ied,"  and t h e  l i t e r a t u r e  on 
nonparametric s t a t i s t i c s  i s  being reviewed w i t h  an eye toward t h e i r  u s e f u l -  
ness  i n  p r o j e c t  s e l e c t i o n  models. 

The l i t e r a t u r e  on sub- 

It  i s  planned t o  e v a l u a t e  s e v e r a l  r e p r e s e n t a t i v e  p r o j e c t - s e l e c t i o n  models f o r  
f e a s i b i l i t y  and d e s i r a b i l i i y  o f  implementation. A s t a t e - o f - t h e - a r t  paper on 
R and D s e l e c t i o n  models was prepared.  Working from t h i s  paper,  i t  became 
c l e a r  t h a t  t he  e x i s t i n g  p r o j e c t - s e l e c t i o n  models could be c l a s s i f i e d  a s  "deci-  
s i o n  t h e o r e t i c , "  "economic," o r  "mathematical programming" i n  na tu re .  One 
o r  a t  most two g e n e r a l  models are being c o n s t r u c t e d  f o r  each ca t egory ,  SO 

t h a t  t h e  s p e c i f i c  models 
t he  more g e n e r a l  models. 
upon investment-analysis  
mately f i v e  g e n e r a l  Kand 
p o t e n t i a l l y  s u i t a b l e  f o r  

i n  each ca t egory  c a n  be viewed as s p e c i a l  cases of 
In  a d d i t i o n ,  a new model i s  be ing  deve lopedbased  

aiid chance-constrained programming. Thus, approxi-  
D p r o j e c t  s e l e c t i o n  models w i l l  be gene ra t ed ,  a l l  
implementation and e m p i r i c a l  e v a l u a t i o n .  

P u b l i c a t i o n s  and Papers: 

September, 1965-SeptemberY 1966: 

66/28 A l b e r t  H. Rubenstein,  "A Real-Time Study of In fo rma t ion  Requirements 
f o r  P r o j e c t  S e l e c t i o n  i n  Research and Development," Presented t o  t h e  members 
o f  t he  I n t e r n a t i o n a l  F e d e r a t i o n  o f  Opera t ions  Research S o c i e t i e s ,  Boston, 
August , 1966. AP 

66/16 A l b e r t  H. Rubenstein,  "Economic E v a l u a t i o n  o f  Research and Develop- 
ment: ADrief  Survey of  Theory and P a r a c t i c e , "  J o u r n a l  of  I n d u s t r i a l  
Engineering ( i n  Press). AP 

66/15 
i n  P ro jec t  S e l e c t i o n  Study," A working pape r ,  Department of I n d u s t r i a l  Engi- 
nee r ing  and Management Sc iences ,  Northwestern U n i v e r s i t y ,  September, 1966. L 

A r t h u r  P. Hur t e r ,  "Models We May Be Developing and P repa r ing  TO Test 

66/11 Jon A. Larson, Norman R.  Baker, and Jack Siegman, "The R e l a t i o n s h i p  
Between C e r t a i n  C h a r a c t e r i s t i c s  o f  I n d u s t r i a l  Research P roposa l s  and T h e i r  
Subsequent D i spos i t i on . "  Paper p re sen ted  a t  D a l l a s  meeting of  The I n s t i -  
t u t e  of Management S c i e n c e s ,  March, 1966. AP 
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65/39 
Sub jec t ive  Informat ion ,"  A working paper ,  Department of I n d u s t r i a l  Engineer ing 

John F. Ko t t a s ,  "Quant i fy ing  Uncer ta in ty  When It Is Necessary t o  U s e  

and Management Sc iences ,  Northwestern U n i v e r s i t y ,  January ,  1966. L 

1960- 1965: 

65/24 A l b e r t  H. Rubenstein,  "Information Requirements and C r i t e r i a  f o r  Pro- 
j e c t  S e l e c t i o n  Decis ions  i n  Research and Development." Department of I n d u s t r i a l  , 
Engineer ing  and Management Sc iences ,  Northwestern Un ive r s i ty ,  June ,  1965. L I 

65/2 W i l l i a m  Pound, "College of Research and Development Memo on the  Organi- I 

z a t i o n  of  t h e  Study Committee on R and D P r o j e c t  S e l e c t i o n , "  Department of  
I n d u s t r i a l  Engineer ing  and Management Sc iences ,  Northwestern Un ive r s i ty .  L 

64/27 
Economy," J o u r n a l  of  I n d u s t r i a l  ~ -~ Engineering,  Vol XV, No. 3 (May-June, 1964),  
pp. 133-141. AP 

Michael Radnor, "A C r i t i c a l  Evalua t ion  of t h e  F i e l d  of Engineer ing 

64/21 Samuel B .  McMaster, "Study of P r o j e c t  S e l e c t i o n  Techniques i n  a n L R  & 
D Organiza t ion ,"  A Master's Thes i s ,  Department of I n d u s t r i a l  Engineer ing and 
Management Sc iences ,  Northwestern Un ive r s i ty ,  June ,  1964. F 

64/15 Norman R. Baker and W i l l i a m  H. Pound, "R & D P r o j e c t  S e l e c t i o n :  Where 
We Stand,"  IEEE Transac t ions  on Engineer ing Management, Vol. EM-11, No. 4 
(December, 19641, pp. 124-134. B P 

64/13 W i l l i a m  H. Pound, "Research P r o j e c t  S e l e c t i o n :  T e s t i n g  A Model i n  
t h e  F i e l d , "  IEEE Transac t ions  on Engineer ing Management, Vol. EM-11, No. 1 
(March, 1964), pp. 16-22. AP 

62/4 A l b e r t  H. Rubenstein,  "Hastings E l e c t r o n i c s  Company: Eva lua t ion  of 
Research and Development," i n  Dan H. Fenn, Jr. and Linda M. Gernberger ,  eds . ,  
Management of M a t e r i a l s  Research,  (New York: I n t e r s c i e n c e  P u b l i s h e r s ,  
1962). AS 

60/2 A l b e r t  H. Rubenstein and I ra  Horowita, "P ro jec t  S e l e c t i o n  i n  New Techni- 
c a l  F i e l d s , "  Na t iona l  E l e c t r o n i c s  Conference Proceedings,  Vol. XV, 1959. AS 
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11. KEY RESEARCHABLE PROBLEM AREAS I N  R AND D MANAGEMENT 

Objec t ive :  The s tudy  was designed t o  exp lo re  t h e  f e a s i b i l i t y  of a s e r i e s  
of sma l l ,  working seminars focused on p a r t i c u l a r  key r e s e a r c h a b l e  problem 
a r e a s  i n  R & D management. Th i s  s e r i e s  of seminars was intended to h e l p  
i d e n t i f y  key problem a r e a s  and o p p o r t u n i t i e s  f o r  r e s e a r c h  i n  t h e  R and D 
management area, and t o  exp lo re  c r i t i c a l  i s s u e s  of  t heo ry  and methodology. 

Supported By: 
on Research and Development of t h e  I n s t i t u t e  o f  Management Sc iences .  

O f f i c e  of Naval Research and i n  coope ra t ion  wi th  The College 

P r o j e c t  Leader: A l b e r t  H. Rubenstein.  

Background of t h e  Study: 
cons ide rab ly  i n  the  p a s t  decade, t o  the  point where s c v e r a l  hundred re- 
engaged i n  one o r  more p r o j e c t s  r e l a t e d  t o  improving our  understanding of 
and/or p r a c t i c e  of R and D management. Many of  these i n v e s t i g a t o r s  are 
working i n  p a r a l l e l  o r  r e l a t e d  a r e a s ,  sometimes i n  v e r y  small groups o r  
a lone .  They exchange information about t h e i r  r e s e a r c h  r e s u l t s  through the 
u s u a l  channels  of j o u r n a l  a r t i c l e s ,  books, and pape r s  p re sen ted  a t  p ro fes -  
s i o n a l  s o c i e t y  meetings.  

The f i e l d  of research-on r e s e a r c h  has grown 

I n  the  p a s t  few y e a r s ,  i t  has become e v i d e n t  t h a t  more c o l l a b o r a t i o n  and 
exchange of  views be fo re  o r  d u r i n g  t h e i r  r e s e a r c h  might be b e n e f i c i a l  and 
might help t o  a l l e v i a t e  some of t h e  problems of d u p l i c a t i o n  and non-cumula- 
t i v e n e s s  t h a t  f r e q u e n t l y  appear i n  t h e  pub l i shed  l i t e r a t u r e .  I n  c o l l a b o r a -  
t i o n  with the  College on Research and Development (COLRAD) of  The I n s t i t u t e  
of  Management Sc iences  (TIMS), the p r i n c i p a l  i n v e s t i g a t o r ,  who i s  D i r e c t o r  
of S t u d i e s  f o r  COLRAD, undertook a s e r i e s  of  e x p l o r a t o r y  small group s e s s i o n s .  
The Membership and focus of t h e s e  s e s s i o n s  v a r i e d ,  bu t  t h e  gene ra l  theme re- 
mained t h e  i d e n t i f i c a t i o n  of  key r e s e a r c h a b l e  problem a r e a s  i n  R & D manage- 
ment. I n  a d d i t i o n ,  t h e s e  s e s s i o n s  were designed t o  e x p l o r e  c r i t i c a l  i s s u e s  
o f  theory and methodology. 

Summary of A c t i v i t i e s  1964-1966: 

Seven s e s s i o n s  were conducted d u r i n g  the l i f e  of t h e  s tudy .  I n  a d d i t i o n ,  
a t  l e a s t  one more h a s  been designed,  bu t  has  n o t  y e t  taken p l a c e .  The 
s e s s i o n s  were: 

Date LOC Locat ion S u b j e c t  - 
1. February,  1964 TIMS Meeting, P i t t s b u r g h  Key Researchable  Areas i n  

R & D Management 

2 .  May, 1964 Univ. of  C a l i f o r n i a  a t  The Role o f  t h e  Research 
( 2  s e s s i o n s )  Berkeley ( I n  c o n j u n c t i o n  Manager 

w i t h  S o c i a l  Sc ience  Sem- 
i n a r  of t he  Space S c i e n c e s  
Labor a t o r y )  

3 .  October, 1964 J o i n t  TIMS-ORSA meet ing,  P r o j e c t  S e l e c t i o n  
( 3  s e s s i o n s )  Minneapolis 

4 .  November, 1964 Northwestern U n i v e r s i t y  P r o j e c t  Se l e c  t ion  
(a two-day 
seminar ) 



Date - Locat ion 

5. 

6. 

7 .  

8 .  

February, 1965 

April, 1965 
(a two-day 
seminar) 

September, 1965 

Fall, 1966 
(Planned 2-day 
seminar) 

TIMS-San Francisco 

Northwestern University 

TIMS-Vienna 

Northwest ern Univers i ty 

Subject 

Project Selection 

The Researcher and 
His Information Environment 

International Cooperation 
in Comparative Studies of 
Research Management 

R & D in Large Decentralized 
Organizations 

The participants in the seven sessions that have been conducted were: 

1. Members of COLRAD. 
2. Faculty and graduate students engaged in research-on research 

at Berkeley. (The Principal Investigator participated as a 
Visiting Professor .) 
Members of COLRAD and members of COLRAD's Project Selection 
study committee. 

3 .  

4 .  Researchers from university and industry. 
5. Same as 3 .  
6 .  Researchers from industry, university and science publishing. 
7 .  Researchers from six European countries and the U.S. 

Results: In several of the seminars (not all) key problem areas were 
identified which may have been slowing progress. In the "porject selec- 
tion" area, for example, the following key areas were identified as 
requiring intensive work: 

Nature and use of criteria for selecting projects 
Information requirements for project selection 
Improved (more realistic and easily computed) models 
More work on subjective probability 
Real time studies 

In the "information needs" area, a number of the findings are presented 
in "Summary of Principal Points." (65/32) 

Findings related to the methodology of conducting such seminars are still 
tentative since only a limited number of alternative formats was actually 
tried. Least successful, in terms of substantive results (although their 
stimulatory effect seems high) were the half-day meetings of "strangers" at 
professional society meetings. Little could be actually accomplished in view 
of the recurring need for orienting people not directly or centrally involved 
in full time research in the problem area (e.g., the interested practicing re- 
search manager who was not actually engaged in research-on research himself). 
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The benefits of such sessions were great in terms of exposing new peo- 
ple to the field, but did not produce much in the way of concrete output. 

The most successful sessions were the two-day ones at Northwestern, where 
attendance was limited by invitation to a dozen or less people from 
different organizations who were working directly in the field with 
which the session was concerned. Of the two, more effective results 
were obtained in the one where a large percentage of the participants 
had been acquainted previously and have even collaborated in the past. 
Where most of the participants were unacquainted with the previous work 
of the others (despite some prior mail-out material), a lot of time 
was taken in becoming acquainted and "getting definitions straight." 

In general, some of the seminars appear to have had a significant effect 
on the work of individual participants and on the possibility of future 
collaboration. 

Publications and Papers: 

September, 1965-September, 1966: 

66/3 
on R & D Project Selection, November 11 & 12, 1964. Department of Industrial 

Office of Naval Research-College of Research and Development Seminar 

Engineering and Management Sciences, Northwestern University, 1964. L 

66/1 Albert H. Rubenstein, "Final Report on a Feasibility Study of A Series 
of Seminars on Research-on-Research Management," for Office of Naval Research, 
under contract NR 047-052, Department of Industrial Engineering and Manage- 
ment Sciences, Northwestern University, January, 1966. AS 

1960- 1965 : 

65/32 David J. Werner, "Summary of Principal Points of the Seminar on the 
Researcher and His Information Behavior," Department of Industrial Engineering 
and Management Science, Northwestern University, April, 1965. AP 

65/21 
Aeronautic and Space Administration and Northwestern's Research Program," 
Department of Industrial Engineering and Management Science, Northwestern 

"Preliminary List of Research Areas of Mutual Interest to the National 

University, May, 1965. L 

65/6 Albert H. Rubenstein, "Some Observations on the State of the Art in 
Research on the Management of Research and Development with Potential Appli- 
cations and Implications for the National Aeonautics and Space Adminstration," 
Department of Industrial Engineering and Management Science, Northwestern 
University, February, 1965. L 

61/3 Albert H. Rubenstein, "Opportunities for Research-on-Research,'' Pre- 
sented at The Institute of Management Sciences, Brussels, August, 1961. AP 



* 12. ENVIRONMENTAL AND MANAGEMENT FACTORS INFLUENCING THE PERFORMANCE OF RESEARCH 
AND DEVELOPMENT GROUPS 

Objec t ive :  
r e s e a r c h  program between t h e  Research Management Aspect of P r o j e c t  Hindsight  
and t h e  program of  r e s e a r c h  on r e s e a r c h  management a t  Northwestern.  
suppor t  of  P r o j e c t  Hindsight  i nc ludes  p a r t i c i p a t i o n  and a s s i s t a n c e  i n  the  
des ign  o f  f i e l d  r e s e a r c h  and d a t a  a n a l y s i s .  The suppor t  of t h e  Northwestern 
program i n c l u d e s  p rov id ing  d a t a  sou rces .  

Th i s  s t u d y  p rov ides  a means f o r  c a r r y i n g  o u t  a c o o p e r a t i v e  

The 

Supported by: O f f i c e  o f  t h e  Deputy Di rec to r ,  Research and Technology, De- 
partment of  Defense 

P r o j e c t  Leader: A l b e r t  H. Rubenstein 

P rogres s  September 1965-September 1966: Since t h e  s t a r t  of  Northwestern 
p a r t i c i p a t i o n  i n  October 1965, members of t h e  Program of  Research on t h e  Man- 
agement o f  Research and Development have been coope ra t ing  wi th  the  O f f i c e  of 
t h e  Deputy D i r e c t o r ,  Research and Technology on t h e  Phase I1 f i e l d  s t u d i e s  of 
P r o j e c t  Hindsight .  During Phase I ,  as an in-house program of r e s e a r c h  by the  
Department o f  Defense, i n fo rma t ion  on key " r e s e a r c h  and e x p l o r a t o r y  develop- 
ment events"  i n  t h e  l i f e  of  a number of s e l e c t e d  weapons systems was c o l -  
l e c t e d  t o  p rov ide  a base from which t o  i d e n t i f y  and e s t a b l i s h  management fac- 
t o r s  f o r  r e s e a r c h  and technology programs, and t o  measure t h e  o v e r a l l  c o s t -  
e f f e c t i v e n e s s  of t h e  c u r r e n t  g e n e r a t i o n  of  systems as compared wi th  t h e i r  
p redecesso r s .  The Phase I1 a c t i v i t y  i s  d i r e c t e d  t o  t h e  i d e n t i f i c a t i o n  of  
management and o t h e r  environmental  f a c t o r s  r e l a t e d  t o  r e s e a r c h  group p e r f o r -  
mance. The f i e l d  work is  being conducted by in-house i n v e s t i g a t o r s  i n  t h e  
f i e l d  s i tes .  For  t h i s  phase,  Northwestern and MIT are working w i t h  t e n  
f i e l d  s i tes ,  bo th  i n d u s t r i a l  and governmental, d i v i d i n g  t h e  s i t e s  i n t o  two 
groups o f  f i v e  each, one group working wi th  a n  a s s igned  u n i v e r s i t y  du r ing  each 
of  two f i e l d - s t u d y  p e r i o d s .  The accomplishments through September 1966 are 
p r e s e n t e d  wi th  r e s p e c t  t o  f i v e  areas: 

1. Two week c o u r s e  i n  f i e l d - s t u d y  methods: With few e x c e p t i o n s ,  t he  
f i e l d  r e s e a r c h e r s  who are r e s p o n s i b l e  f o r  t h e  a d m i n i s t r a t i o n  of  t h e  
r e s e a r c h  in s t rumen t s  on s i t e  had no .p rev ious  expe r i ence  i n  t h i s  s p e c i f i c  
t ype  of r e s e a r c h .  To provide them w i t h  a b a s i c  o r i e n t a t i o n ,  a two-week 
l e c t u r e ,  l a b o r a t o r y ,  and demonstrat ion cour se  was conducted i n  November 
1965; t h i s  included t h e  d e s i g n  and conduct of  a one-week f i e l d  s tudy 
under c o n d i t i o n s  as c l o s e  as f e a s i b l e  t o  those  t h a t  t hey  would encounter .  

2. P r o p o s i t i o n s  and Ins t rumen t s :  Through September 1966, f o u r t e e n  re- 
s e a r c h  in s t rumen t s ,  and t h e  s e t  of t e s t a b l e  p r o p o s i t i o n s  upon which they  
are based, have been developed and p i l o t  t e s t e d .  S u b s t a n t i v e  d i s c u s s i o n  
i n  t h i s  area i s  included w i t h i n  t h e  a p p r o p r i a t e  o t h e r  s e c t i o n s  of  t h i s  
r e p o r t .  ( e .g . ,  p r o j e c t s  1 ,2 ,6 ,8 ,9  and 10.)  

3. Hindsight  F i e l d  Manual: A c r i t i c a l  requirement  o f  t h e  o v e r a l l  s tudy 
was t h e  n e c e s s i t y  of  p rov id ing  a sys t ema t i c  and common b a s i s  f o r :  d a t a  
c o l l e c t i o n  i n  t h e  f i e l d ,  d a t a  t r ansmiss ion ,  d a t a  r e d u c t i o n ,  and d a t a  
a n a l y s i s .  With t h e  many d i f f e r e n t  people  and o r g a n i z a t i o n s  involved,  it 
is  important  t o  have commonly accepted d e f i n i t i o n s ,  common i n s t r u c t i o n s  
f o r  o b t a i n i n g  and t r e a t i n g  d a t a ,  and common procedures  f o r  making changes 
in varinns a s p e c t s  of  t he  program. I n  o r d e r  t o  he lp  accomplish t h i s  complex 
t a s k  w i t h  a minimum l o s s  o r  d i s t o r t i o n  of inioriiiattcz, ar?d with a s  l i t t l e  
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burden as p o s s i b l e  placed on the  f i e l d  r e s e a r c h e r s ,  a F i e l d  Manual w a s  
developed. 
i n s t r u c t i o n s  f o r  t he  hand l ing  of d a t a ,  i n s t r u c t i o n s  f o r  t he  a d m i n i s t r a t i o n  
of  each instrument ,  and cop ie s  of t he  in s t rumen t s .  The F i e l d  Manual i n  
i t s  p r e s e n t  form is  approximately two hundred pages,  b u t  is  designed 
i n  l o o s e l e a f  form t o  a l l o w  cont inuous a d d i t i o n  and m o d i f i c a t i o n .  

It inc ludes  a l l  procedures  f o r  conduct ing the  f i e l d  s t u d i e s ,  

4 .  F i e l d  Research: During the  f i r s t  f i e l d  s t u d y  p e r i o d ,  Northwestern 
has  been working wi th  t h e  f i v e  f i e l d  s i tes  t h a t  were o r i g i n a l l y  a s s igned  
t o  i t ,  p l u s  two of  t h e  o t h e r  s i t e s  whose s t a f f  members were a b l e  t o  admin- 
i s t e r  i n s t rumen t s  from both MIT and Northwestern.  A t  t h e s e  seven s i tes ,  
t h i r t y - s i x  groups,  w i th  a n  average o f  t e n  members each,  have been i d e n t i -  
f i e d ,  background in fo rma t ion  has  been ob ta ined ,  and, as of  September 1966, 
a d m i n i s t r a t i o n  of  t he  r e s e a r c h  in s t rumen t s  is  i n  p rogres s .  

5. On-Line F i e l d  Research: A s  p a r t  of  t he  c o n t i n u a t i o n  of t h e  Hindsight  
program, t h e  f i e l d  s t u d y  procedures  developed fo r  t h e  r e t r o s p e c t i v e  s t u d y  
above a r e  being adapted t o  a l low t h e  g a t h e r i n g  of  d a t a  on a real-t ime 
b a s  i s  , where f e a s i b l e .  

P u b l i c a t i o n s  and Papers:  

September 1965-September 1966: 

66/17 A l b e r t  H. Rubenstein,  "Research on P r o p o s i t i o n  Formation and F i e l d  
S t u d i e s  i n  Connection w i t h  P r o j e c t  Hindsight ,"  Department of  I n d u s t r i a l  Engi- 
neer ing and Management Sc iences ,  Northwestern U n i v e r s i t y ,  J u l y ,  1966. F i r s t  
Progress  Report .  
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13. OTHER RELATED ACTIVITIES 

A .  I n  a d d i t i o n  t o  the s p e c i f i c  r e sea rch  p r o j e c t s  i n  North-Gestern's Program of 
Research on t h e  Management of Research and Development, t h e r e  a r e  many o t h e r  
a c t i v i t i e s  i n  t h e  Department of I n d u s t r i a l  Engineering and Management Sc iences  
r e l a t e d  t o  the  management of R & D. Some o f  them a r e :  

1. THE TRANSACTIONS ON ENGINEERING MANAGEMENT OF THE INSTITUTE OF 
ELECTRICAL AND ELECTRONIC ENGINEERS. The P r i n c i p a l  I n v e s t i g a t o r  of t h e  

~ 

Program has been e d i t o r  s i n c e  1959, when he came t o  Northwestern. Th i s  
is  a j o u r n a l  devoted t o  r e p o r t i n g  t h e  r e s u l t s  of  sys t ema t i c  s t u d i e s  and 
d e s c r i p t i o n s  o f  p r a c t i c e  i n  t h e  management o f  Research and Development 
and Engineer ing a c t i v i t i e s .  

A f i v e - y e a r  cumulat ive index was prepared and is a v a i l a b l e  ( s e e  below). 
A f f i l i a t e  membership i n  I E E E  i s  a v a i l a b l e  t o  members of  a wide range o f  
o t h e r  p r o f e s s i o n a l  s o c i e t i e s  a t  a reduced r a t e .  

During the  pe r iod  1960-1966, the fo l lowing  s p e c i a l  i s s u e s  and s e c t i o n s  
were publ ished:  

"Special  S e c t i o n  on Systems Engineering and Management," Vol. EM-8, No. 2 
(June , 1961). 
"Spec ia l  S e c t i o n  on S e r v i c e s  f o r  R, D, and E," Vol. EM-8, No. 3 
(September , , 1961). 
"Special  S e c t i o n  on Eva lua t ion  and Tra in ing  of R & D Personnel ,"  Vol. EM-8, 
No .  4 (December, 1961). 
"Special  S e c t i o n  on In fo rma t ion  R e t r i e v a l  and J o u r n a l  Readings i n  R , D ,  and 
E," Vol. EM-9, No. 2 (June , 1962). 
"Special  I s s u e  on P r o j e c t  Management and Con t ro l , "  Vol. EM-9, No. 3 ,  
(September, 1962). 
"Special  S e c t i o n  on P r o j e c t  S e l e c t i o n  and Budgeting i n  Research and 
Development ,I' Vol. EM-9 , No. 4 (December , 1962). 
"Special  S e c t i o n  on Eva lua t ion  o f  R, D,  and E Personnel ,"  Vol. EM-10, 
No. 1 (March, 1963). 
"Special  Issue--More on P r o j e c t  Management and Con t ro l , "  Vol. EM-10, 
No.  3 (September, 1963). 
"Special  I s s u e  on Research on t h e  Management of  Research, Development, 
and Engineer ing,"  Vol. EM-11, N o .  3 (September, 1964). 

B .  THE COLLEGE ON RESEARCH AND DEVELOPMENT (COLRAD) of t h e  I n s t i t u t e  of 
Management Sc iences  cont inued t o  sponsor s t u d i e s  of  t he  R & D p rocess  i n  
member o r g a n i z a t i o n s .  The P r i n c i p a l  I n v e s t i g a t o r  has  been d i r e c t o r  of  
s t u d i e s  uf COLRAD s i n c e  i t s  incepcion.  Members of t h e  Northwestern Prograsl 
have p a r t i c i p a t e d  i n  s e v e r a l  of t he  s tudy  committees (see P r o j e c t  10). 

S t u d i e s  undertaken by the  College s i n c e  1960 inc lude :  

1. Survey and A n a l y s i s  of P r o j e c t  Resource Expendi tures:  This  p r o j e c t  i s  
a n  e v o l u t i o n a r y  descendent  of t h e  COLRAD SCARDE p r o j e c t  (1958-63). I t s  
a i m  i s  t o  develop means f o r  t he  s y s t e m a t i c  c o l l e c t i o n  of  d e s c r i p t i v e  quan- 
t i t a t i v e  d a t a  on R & D p r o j e c t  expe r i ences  i n  a way t h a t  might be u s e f u l  
t o  a v a r i e t y  of  s c h o l a r l y  r e s e a r c h  e f f o r t s .  
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2 .  COLRAD Coop Program: This  i s  an  a t t empt  t o  s t i m u l a t e  more t h e s i s  . 
work i n  the  area of  R & D management i n  g radua te  schoo l s  a f  b u s i n e s s ,  en-  
g i n e e r i n g ,  and l i b e r a l  arts  through provid ing  informat ion  on o p p o r t u n i t i e s  
f o r  such r e sea rch  and f a c i l i t a t i n g  f i e l d  i n v e s t i g a t i o n s .  

COLRAD is sponsoring t h e  program t o  b r i n g  t o g e t h e r  R & D management prob- 
lems c u r r e n t l y  f ac ing  i n d u s t r y  wi th  g radua te  s t u d e n t s  having both  time 
and mot iva t ion  t o  i n v e s t i g a t e  t h e s e  problems, e .g . ,  as theses .  

3 .  Direc to ry  of  Research on Research Management: T h i s . p r o j e c t  i s  a 
d i r e c t o r y  o f  people  c u r r e n t l y  and r e c e n t l y  involved i n  s t u d i e s  o f  R ti D 
management and o t h e r  a s p e c t s  of  the R & D p rocess .  

The f i r s t  i s s u e  of t h e  Di rec to ry  l i s t s  over  200 i n d i v i d u a l  
more than  350 people who are c u r r e n t l y  o r  have r e c e n t l y  beec engaged i n  
them a s p h e r e  in Lhe world where w e  have been a b l e  t o  o b t a i n  informat ion .  

p r o j e c t s  and 

4 .  
i n  a c t u a l  use by R & D managers. 

P r o j e c t  S e l e c t i o n  and Review: A survey of  p r o j e c t  s e l e c t i o n  c r i t e r i a  

C. SHORT COURSES AND SEMINARS were conducted by members of t h e  Northwestern 
Program on va r ious  a s p e c t s  of  t h e  R ti D process  f o r  s e v e r a l  groups.  
members o f  t h e  program p a r t i c i p a t e d .  Recent programs included:  

Seve ra l  

September, 1966--Swedish Employers Fede ra t ion  and t h e  Swedish 
Academy of  Engineer ing Sc iences  ( fou r  days) .  

June,  1965-- The American S o c i e t y  o f  Metals and t h e  M e t a l l u r g i c a l  
S o c i e t y  of t h e  A.I.M.E. ( t h r e e  days ) .  

June,  1964--Japan Management A s s o c i a t i o n  (two weeks). 

I n  a d d i t i o n ,  a r e g u l a r  g radua te  cour se  seminar on t h e  o r g a n i z a t i o n  and 
economics of  R & D is  he ld  each  s p r i n g  f o r  r e s e a r c h  managers from l o c a l  
i ndus t ry  and g radua te  s t u d e n t s  i n  t h e  Program. 

D. METHODOLOGY OF FIELD STUDIES OF ORGANIZATIONAL BEHAVIOR. Due t o  t h e  heavy 
emphasis on f i e l d  r e s e a r c h  i n  t h e  Organ iza t ion  Theory area of t h e  I n d u s t r i a l  
Engineer ing and Management Sc iences  Department and i n  t h e  Program, much 
a t t e n t i o n  is  pa id  t o  f i e l d  s t u d y  methods and techniques .  Continuous expe r i -  
mentat ion i s  underway on q u e s t i o n s  o f  s t u d y  d e s i g n ,  s e t t i n g  up and ma in ta in ing  
f i e l d  s i t e s ,  c o l l e c t i n g  and reducing  d a t a ,  and p rov id ing  f o r  r e p l i c a t i o n  and 
f u r t h e r  a n a l y s i s  of  t h e  d a t a .  

Three main f a c e t s  o f  t h e . g e n e r a 1  methodology problem are r e c e i v i n g  major 
a t  t e n t  ion:  

Real t i m e  s t u d i e s  a r e  t a k i n g  t h e  p l a c e  of  o r  supplementing 
r e t r o s p e c t i v e  s t u d i e s  i n  s e v e r a l  of  t h e  p r o j e c t s ,  e.g. ,  P r o j e c t s  
7 ,  9,  and 10. Some of t h e  r easons  f o r  t h i s  t r end  are g iven  i n  
66/20,  l i s t e d  under P r o j e c t  10. 

(1 )  

(2)  Remote s t u d i e s  are be ing  a t t empted  on a l a r g e  s c a l e  i n  P r o j e c t  
12. 
remote s t u d i e s  a r e  be ing  conducted w i t h  Northwestern p rov id ing  
t h e  s tudy  des ign ,  i n s t r u m e n t s ,  and d a t a  r educ t ion .  The a c t u a l  
d a t a  c o l l e c t i o n  i s  b e i n g  done by members of  t h e  o r g a n i z a t i o n s  
be ing  s t u d i e d .  
amount o f  t h e  and t r a v e l  r e q u i r e d  f o r  f i e l d  s t u d i e s .  Other 

On a s m a l l e r  s c a l e  (one s i t e  each  i n  P r o j e c t s  6 and l o ) ,  

Major r e a s o n s  f o r  t h i s  t r e n d  r e l a t e  t o  t h e  l a r g e  
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reasons, perhaps more important theoretically and conceptually, 
are discussed in 6414 (referenced below). 

(3) Field experiments are the core of the research designs in 
projects 9 and 10. 

E. ADVISORY RELATIONS W I T H  OTHER REIATED GROUPS. Members of Northwestern's 
"Research Management" Group have served in advisory capacities recently 
to the Office of Economic and Manpower Studies, National Science Founda- 
tion; the Electronic Industries Association; the Highway Research Board 
of the National Academy of Sciences; The Natural Sciences Department of 
UNESCO; The Management Technical Committee of AIAA; The Engineering 
Management, Human Factors and Reliability Groups of IEEE; and The 
Society for Programmed and Automated Learning. 

Publications and Papers: 

September 1965-September 1966: 

Albert H. Rubenstein and Chadwick J. Haberstroh, eds., Some Theories of Organization, 
(Homewood, Ill.: Irwin-Dorsey Press, Second Ed., 1966). 

66/37 Robert O'Keefe, "Detecting Autistic Bias through Controlled Empirical 
Inquiry," A working paper, Department of Industrial Engineering and Management 

I Sciences, Northwestern University, October, 1966. L 

66/29 
Research and Development Process," Presented at the meeting of The Institute of 

Albert H. Rubenstein, "The Role of Implementation in Several Aspects of the 

Management Sciences, Philadelphia, Pa., September, 1966. AP 

66/14 Gustave J. Rath, "People, Models and R & D Organizations," Department of 
Industrial Engineering and Management Sciences, Northwestern University, June, 
1966. 

66/7 Robert O'Keefe, "Toward Interdisciplinary Understanding: Cognitive Consis- 
tency as Autistic Bias in Retrospective Self-Respect Measures," A working paper, 
Department of Industrial Engineering and Management Sciences, Northwestern Univer- 
sity, February, 1966. L 

66/8 Richard Hannenberg, "Some Propositions and A Model of the Research and Devel- 
opment Activity in Industry from the Viewpoint of Articles in Research Management," 
A working paper, Department of Industrial Engineering and Management Sciences, 
Northwestern University, August, 1965 AS 

65/40 Five-Year Index, IEEE Transactions on Engineering Manapement, Cumulative 
Index--1960-1964. Vol. EM-11, No. 4 (December, 1964). AP 

65/34 Albert H. Rubenstein, "Recent Developments in the Field of Research on 
Research," Prepared for the "Seminar on the Strategy of Corporate Research," 
Graduate School of Business Administration, University of California, Los Angeles, 
sponsored by the McKinsey Foundation for Management Research, lnc., October, 1965 AS 



38 

1960- 1965: 

65/27 
in Studies of the Management of Research and Development," Presented at the 12th 
International Meetinp of the Institute of Management Sciences, Vienna, September, 
1965. AP 

Albert H. Rubenstein, "The Need for Replication and Cross-Cultural Comparisons 

65/23 
Ten-Project Program of Research on R & D Management," in Gordon and Breech, eds-, 
Research Program Effectiveness (1966). AP 

Albert H. Rubenstein, "Some Common Concepts and Tentative Findings from a 

6416 A Directory of Research-on-Research, College of Research and Development, 
The Institute of Management Sciences, May, 1964. AS 

6414 Albert H. Rubenstein, "Methodological Aspects sf I n - & u s e  Studies of  R ti D 
Management," Presented at the Institute of Management Sciences, Pittsburgh, 
February, 1964. AP 

63/13 
on Enpineering Management, Vol EM-11, No. 3 (September, 1964), pp. 113-115. AP 

Albert H. Rubenstein, "The Study Program of COLRAD," IEEE Transactions 

63/11 Albert H. Rubenstein, "An Overview of Research on the Resetirch and 
Development Process," Presented at the American Association for the Advancement 
of Science, Philadelphia, December, 1962. AP 

6317 Albert H. Rubenstein, "A Program of Research on the Management of Research 
and Development," IEEE Transactions on Engineering Manqgement, Vol. m-11, No. 3 
(September, 19641, pp. 103-112. AP 

6217 Louis C. Goldberg, "A Selected Annotated Bibliography of Empirical Investiga- 
tions of Research Personnel," IEEE Transactions on Engineering Management, V O ~ .  EM-10, 
No. 1 (March, 19631, pp. 31-37. AS 
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THESES AND DISSERTATIONS 

1) ABSTRACTS OF COMPLETED THESES AND DISSERTATIONS 

2)  TITLES OF THESES AND DISSERTATIONS I N  PROGRESS SEPTEMBER, 1966 

The fo l lowing  new s e c t i o n  i n  our p e r i o d i c  r e p o r t s  i s  in t roduced  t o  f a c i l i -  
t a t e  communication about unpubl ished work i n  our program. Theses and d i s s e r t a -  
t i o n s  a r e  t y p i c a l l y  bulky (some run  i n t o  s e v e r a l  hundred pages) and a v a i l a b l e  only  
i n  s m a l l  q u a n t i t i e s  due t o  the h igh  c o s t  of reproducing them. The a b s t r a c t s  
g iven  below ( t aken  from the  au tho r ' s  more extended a b s t r a c t )  may enable  t h e  
r eade r  of t h i s  r e p o r t  t o  dec ide  i f  c e r t a i n  o r i g i n a l  documents a r e  of i n t e r e s t .  
I n  some cases ,  enough cop ie s  of a t h e s i s  have been made t o  g ive  t o  people who 
have s p e c i f i c  i n t e r e s t  i n  i t .  In o t h e r  c a s e s ,  on ly  a few a r e  a v a i l a b l e ,  bu t  
t hey  may be  borrowed f o r  a per iod  of two weeks. P a r t  of the  v a l u e  of seeiiig t h e  
o r i g i n a l  dooumen+ i s  t h a t  v e r s i o n s  of a p i ece  of r e s e a r c h  publ i shed  i n  j o t i r n a l s  
are t y p i c a l l y  abbrev ia t ed  and t h e  raw d a t a  and o t h e r  p a r t s - - s u c h  as detailed 
d e s c r i p t i o n s  of the  methodology employed--are f r e q u e n t l y  omi t ted .  

I n  a d d i t i o n  t o  t h e s e  a b s t r a c t s  of completed t h e s e s  and d i s s e r t a t i o n s ,  t h i s  
s e c t i o n  a l s o  con ta ins  a l i s t ,  by t i t l e ,  of t h e s e s  and d i s s e r t a t i o n s  i n  process .  
This  may he lp  people who a r e  engaged i n  r e l a t e d  work t o  g e t  i n  touch wi th  gradu- 
a t e  s t u d e n t s  i n  our  program whi le  t h e i r  work i s  going on and wh i l e  they a r e  s t i l l  
i n  r e s i d e n c e  he re .  
s e v e r a l  y e a r s  t o  complete and informat ion  about them i s  not  l i k e l y  t o  be p u b l i c l y  
a v a i l a b l e  f o r  some time a f t e r  they a r e  s t a r t e d .  This  l a g  a l s o  l eads  t o  t h e  
danger  t h a t  t h e  t i t l e  and/or  t h e  focus of t h e  s tudy  may change over t h i s  p e r i o d .  

Some d i s s e r t a t i o n s  (and fin occas iona l  Mas ter ' s  t h e s i s )  t a k e  



63/27  Adulbhan, Pakorn, "A Study of the Role of Scientific Research in the 
Industrial Development of Selected South and Southeast Asia Countries," A 
Master's Thesis, December, 1963. 

This thesis was undertaken to investigate the role of scientific research 
in the industrial development of selected South and Southeast Asia countries. A 
primary study of the relationship of industrialization to the development of the 
developing countries as a whole was briefly made, and the attitudes of the sample 
countries towards it were presented. Then an attempt was made to dhy domestic 
scientific research is necessary for industrial development along with some evi- 
dence on the realization of the sample countries of the need for scientific research 
The national scientific research objectives of the sample 
Asia countries, the strategies being used and proposed f o r  organizing their 
res ear c h cap a5 i 1 it ie s , and the management of research activities in their countries 
were thereafter presented. 

South and Southeast 

A study of the research process was then made for each of the sample 
countries for the purpose of finding out some of the factors that appear to 
influence their scientific research pattern. Based on that study, a simple 
model was developed to show some of the inter-relationships between the economic 
development pattern, as represented by the scientific manpower engaged in R b D. 
The results of the study show that the muntries that are more industrializs 
have a larger number of researchers per million inhabitants. However, it. was 
impossible t o  test the directicmn of causation between these two varialbes. 

* * * * * * * * * *  
6 4 / 8  Altman, Fred D., "Performance Evaluation of Division Managers in Large 
Decentralized Industrial Organizations," A Master's Thesis, August, 1963. 

This study concerned problems associated with the control and evaluation 
of division managers of decentralized industrial organizations. In order to 
ascertain what types of control and evaluation systems are being used in these 
companies and to determine the nature of the problems encountered when estab- 
lishing and applying these systems, a literature survey of current practice was 
conducted. The data revealed that there are a number of widely used systems, 
all of which have some advantages as well as some important disadvantages. The 
disadvantages range from "lack of objectivity" to "difficulty in weighing of 
pertinent criteria." It is apparent that none of the systems described ade- 
quately answer all of the requirements for simplicity, objectivity, balance,and 
relation to organizational goals which generally seem to be considered important. 

The Organization Theory literature was then examined to see if it could 
shed any light on this practical problem. Using David Selznick's simplified 
model of organizational control, a set of interviews was carried out. The in- 
terview data indicated the strong bifurcation of interests which develops in 
the climate of an evaluation system, and further indicated the resultant con- 
centration on activities directed toward satisfactory evaluations but not neces- 
sarily directed toward achievement of overall organizational goals. The model 
was revised by adding the necessary ingredient of "performance evaluation." 



It appears  t h a t  wh i l e  t h e  r ev i sed  model has m e r i t  as a guide f o r  a n a l y s i s  
of d i v i s i o n  manager e v a l u a t i o n  systems i n  the  d e c e n t r a l i z e d  o r g a n i z a t i o n ,  con- 
s i d e r a b l y  more a n a l y s i s  of t h e  f a c t o r s  involved i n  the model are r equ i r ed  i f  
any a t t e m p t s  a r e  t o  be made t o  p r e d i c t  s p e c i f i c  consequences of a s p e c i f i c  eva lu -  
a t i o n  system. It was concluded (1) t h a t  i n  o r d e r  t o  minimize thechance  of 
occur rence  of u n a n t i c i p a t e d  consequences, the p rocess  of s e l e c t i o n  of s p e c i f i c  
e v a l u a t i o n  c r i t e r i a  must be carefu l lyde termined  by s e l e c t i o n  of t hose  
most c l e a r l y  r e p r e s e n t a t i v e  of t h e  o r g a n i z a t i o n a l  o b j e c t i v e s  which top management 
wishes t r a n s m i t t e d  down-the-line; and (2) t h a t  companies must be f l e x i b l e  enough 
t o  be a b l e  t o  a d j u s t  e v a l u a t i o n  techniques  and c r i t e r i a  t o  account f o r  s p e c i a l  
c i rcumstances  and changing cond i t ions .  

c r i t e r i a  

* * * * * * * * * * * *  

65/4 Baker, Norman R., "The In f luence  of Severa l  Organ iza t iona l  Fac to r s  on the  
Idea  Genera t ion  and Submission Behavior of I n d u s t r i a l  Researchers  and Technic ians ,  'I 
A Ph.D. D i s s e r t a t i o n ,  January,  1965. 

The o b j e c t i v e  of t h i s  s tudy  w a s  t o  i n v e s t i g a t e  t h e  i d e a  g e n e r a t i o n  and 
submission behavior  o r  r e s e a r c h e r s  and t e c h n i c i a n s  i n  one l a r g e  i n d u s t r i a l  
r e s e a r c h  and development l abora to ry - - l abora to ry  Y. 

Based on a l i t e r a t u r e  sea rch ,  s e v e r a l  p r o p o s i t i o n s  were developed. These 
p r o p o s i t i o n s  hypothes ized  t h e  i n f l u e n c e  t h a t  r e s e a r c h e r s '  and t e c h n i c i a n s '  p e r -  
c e p t i o n s  of c e r t a i n  f a c t o r s - - t i m e  p res su res  due t o  c u r r e n t  work, i n t r i n s i c  and 
e x t r i n s i c  rewards and c o s t s  a s s o c i a t e d  with i d e a  g e n e r a t i o n  and submission, 
o r g a n i z a t i o n  g o a l s ,  Ob jec t ives ,  and needs, and i n t e r a c t i o n  wi th  o t h e r  l a b o r a t o r y  
personnel--might  have on t h e i r  i d e a  gene ra t ion  and submission behavior .  

Data were c o l l e c t e d  from seventy-two employees, bo th  managers and r e s e a r c h  

from 
IGG's were con- 

s t a f f  members, of l a b o r a t o r y  Y. Data were obta ined  by q u e s t i o n n a i r e ,  i n t e rv i ew,  
and n o n - p a r t i c i p a n t  obse rva t ion .  
p a r t i c i p a n t s  i n  t h r e e  separate " idea  gene ra t ion  groups'' (IGG's). 
ducted  by t h e  l a b o r a t o r y  f o r  t h e  purpose of g e n e r a t i n g  i d e a s  wi th  r e s p e c t  t o  a 
spec i f  i e d  ob j ec  t i v e  . 

Ama,jor p o r t i o n  of t h e  d a t a  was c o l l e c t e d  

Support  was found f o r  the  p r o p o s i t i o n  t h a t  p e r c e p t i o n s  of o r g a n i z a t i o n a l  
g o a l s ,  o b j e c t i v e s ,  and needs tend t o  s t i m u l a t e  i d e a s  perce ived  t o  be r e l e v a n t  t o  
t h e s e  g o a l s ,  o b j e c t i v e s ,  and needs,  and t o  influerrce which i d e a s  would be submi t ted  
The p r o p o s i t i o n  t h a t  r e s e a r c h e r s  and t echn ic i ans  formed t h e i r  pe rcep t ions  of 
o r g a n i z a t i o n a l  g o a l s ,  o b j e c t i v e s ,  and needs p a r t i a l l y  by i n t e r a c t i o n  wi th  o t h e r  
l a b o r a t o r y  personnel  was suppor ted  by the d a t a  and t h e  p r o p o s i t i o n s  t h a t  t h e s e  
were formed by p e r c e p t i o n  of management's behavior  w i t h  r e s p e c t  t o  p rev ious ly  
submi t t ed  i d e a s  r ece ived  weak support .  

I n  summary, c o n s i d e r a b l e  evidence was found i n  l a b o r a t o r y  Y suppor t ing  the  
c a s e  t h a t  t h e  i n f l u e n c e  of perce ived  time p r e s s u r e s  due t o  c u r r e n t  work, i n t r i n -  
s i c  and e x t r i n s i c  rewards and c o s t s ,  o r g a n i z a t i o n a l  g o a l s ,  o b j e c t i v e s ,  and needs 
and i n t e r a c t i o n  a r e  c r i t i c a l  i n  exp la in ing ,  unde r s t and ing ,  and p r e d i c t i n g  some 
impor t an t  a s p e c t s  of t h e  idea  gene ra t ion  and submission behavior  of  i n d u s t r i a l  
r e s e a r c h e r s  and t e c h n i c i a n s .  
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63/8 
I n d u s t r i a l  Operat ions Research-Management Science A c t i v i t i e s ,  
March, 1963. 

Baker,  Norman R. ,  "An Analys is  of  Severa l  Environmental  Fac to r s  A f f e c t i n g  
A Master's Thesis, 

This r e p o r t  i s  p a r t  of a s tudy  be ing  c a r r i e d  on a t  Northwestern U n i v e r s i t y  
on the  l i f e  c y c l e  of i n d u s t r i a l  ope ra t ions  r e s e a r c h  and management s c i e n c e  
(OR/MS) groups--a  p a r t i c u l a r  type of management advisory  s e r v i c e .  
t i o n  of t h e  o v e r a l l  s tudy ,  t h e  r e s e a r c h  concent ra ted  on s e v e r a l  a s p e c t s  of t h e  
r e l a t i o n s h i p  between t h e  OR/MS a c t i v i t y  and i t s  " c l i e n t s "  i n  the  company. The 
group conduct ing t h e  broader  i n v e s t i g a t i o n  of t h e  OR/MS groups ob ta ined  informa- 
t i o n  from a t o t a l  of 65 f i rms ,  v i a  q u e s t i o n n a i r e s  and in t e rv i ews .  From t h i s  
d a t a ,  1 2  i n t e rv i ews  wi th  members of i n d u s t r i a l  OR/MS a c t i v i t i e s  conta ined  i n -  
formation r e l a t e d  t o  t h i s  s tudy ,  and was used as t h e  p re l imina ry  d a t a .  An ex-  
aminat ion of t h i s  p re l imina ry  data revea led  t h a t  t h e r e  were s e v e r a l  common f a c -  
t o r s  which were brought t o  l i g h t  i n  connec t ion  w i t h  t h e  environment w i t h i n  
which an i n d u s t r i a l  OR/MS a c t i v i t y  opera ted  and sugges ted  t h a t  t h e s e  f a c t o r s  
might be r e l a t e d  i n  some o r d e r l y  fash ion .  The r e sea rche r  developed a p ropos i -  
t i o n a l  o rde r ing  and de f ined  the  v a r i a b l e s .  

For t h i s  po r -  

Two case  s t u d i e s  were conducted by t h e  r e s e a r c h e r s ,  u s ing  two companies t h a t  
had been inc luded  i n  t h e  p re l imina ry  da t a .  
s igned  and followed. A t  t h i s  p o i n t ,  t h e  r e s e a r c h e r  was not  t e s t i n g  whether o r  
no t  t he  cont inued e x i s t e n c e  of t h e  OR/MS a c t i v i t y  was a f u n c t i o n  of r e c e p t i v i t y ,  
bu t  was assuming t h a t  t h i s  was a t r u e  s t a t emen t .  H e  was t e s t i n g  whether  o r  not  
r e c e p t i v i t y  was a f u n c t i o n  of  exposure,  p r o j e c t  r e s u l t s ,  and/or  p e r s o n a l  re la-  
t i onsh ips ,  and what forms t h e s e  r e l a t i o n s h i p s  might t ake  i f  they  d i d  i n  f a c t  
ho ld  t rue .  I n  ana lyz ing  t h e  d a t a  from the  two case  s t u d i e s ,  s e v e r a l  pjroposi t ions 
became c l e a r .  Two p r o j e c t - o r d e r i n g  processes  appeared t o  be a c c e p t a b l e .  The 
a n a l y s i s  of t h e  d a t a  d i d  not  r e f u t e  the  p r e d i c t i v e  model, b u t  i t  d i d  i n d i c a t e  
t h a t  some form of a time dimension m u s t  be added t o  make t h e  model complete .  
Three s t a g e s  were adopted, which o f f e r e d  a n  e f f i c i e n t  framework w i t h i n  which t o  
d i s c u s s  the imp l i ca t ions  of  t h e  d a t a .  The v a r i a b l e s  o f  exposure and p e r s o n a l  
r e l a t i o n s h i p s  appeared t o  make t h e i r  g r e a t e s t  c o n t r i b u t i o n s  du r ing  t h e  i n t r o -  
duc tory  phase,  while  t h e  group was endeavoring t o  convince t h e  c l i e n t s  t h a t  OR/MS 
could be of b e n e f i c i a l  use.  
important .  Favorable r e s u l t s  from previous  p r o j e c t s  were impor tan t  i n  o rde r  
t o  r e t a i n  t h e  r e c e p t i v e  c l i e n t s  developed d u r i n g  t h e  i n t r o d u c t o r y  phase,  and 
a l s o  f o r  use i n  persuading o t h e r  c l i e n t s  t o  under take  p r o j e c t s .  
and p e r s o m 1  r e l a t i o n s h i p s  cont inued  t o  c o n t r i b u t e  t o  t h e  p rocess  o f  ga in ing  new 
c l i e n t s .  
f a c t o r  i n  de te rmining  whether o r  not  an  OR/MS group moved i n t o  t h e  m a t u r i t y  
phase.  The m a t u r i t y  phase might be i d e n t i f i e d  by t h e  presence  o f  a f a v o r a b l e  
environment. Apparently i t  was e s s e n t i a l  f o r  OR/MS t o  demonst ra te  f avorab le  
p r o j e c t s  r e su l t s  before  t h e  environment became s t a b i l i z e d .  The importance of 
exposure and pe r sona l  r e l a t i o n s h i p s  was secondary o r  p o s s i b l y  even n o n e x i s t e n t  
by t h i s  t i m e .  

A d a t a - g a t h e r i n g  p rocess  was de-  

During t h e  t r a n s i t i o n a l  phase t h r e e  v a r i a b l e s  were 

Moreover, exposure 

Favorable  r e s u l t s  of implemented p r o j e c t s  appeared t o  be t h e  dec id ing  

* * * * * * * * * * * *  
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- 65/25 -Y Bolen -- Frank M., "A Technique for the Real Time Measurement of the Flow 
of Ideas in Industrial Laboratories," A Master's Thesis, August, 1963. 

This is a report of one phase of a three-year study, supported by a National 
Science Foundation grant, concerning idea flow and project selection in industrial 
research and development functions. 
three aspects of the "Idea Flow" process, the research for this paper particularly 
concentrated on the "idea originator." 
"How can ideasbe identified and how can their development (from the idea origina- 
tor's view point) be effectively measured in real time in real organizations?" 
Two instruments were designed and tested in trying to answer this question. 

While this particular study concentrated on 

The research tried to answer this question: 

The first tool used was the Idea Inventory (11) questionnaire. Four varia- 
tions were tested in an effort to ascertah the most form in relation to the type 
of information sought. The second tool, the Time Series Instrument (TSI) was 
designed for use after the ideas had been identified by the 11. The TSI was 
designed for use in sampling ideas in real time, subsequently providing data 
concerning the idea's actual development within the company. Seven different 
methods of administering the TSI were developed and tested in field work. It 
was hoped that the TSI would eliminate the serious problems of insufficient 
recall, encountered in earlier studies, on the part of the respondents. The con- 
clusion was reached that methods 5 and e are the most acceptable overall adminis- 
tration methods. They are: (5) Face-to-Face, non-interview method, where the 
administrator is merely present as the respondent completes the TSI; and (2) 
Independent completion--form delivered and returned by mail--where the administra- 
tor is never present. 

The researcher has assumed that the results of the pilot administrations 
of both the I1 and TSI questionnaire are generalizable to other research and 
development laboratories. 
tions for synthesizing the Idea Inventory and the Time Series Instrument ques- 
tionnaires into a use instrument package for identifying and tracing the develop- 
ment of ideas. 

He has accordingly devised a detailed set of instruc- 

* * * * * * * * * * * *  

63/26 Goldberg, Louis C . ,  "Dimensions in the Evaluation of Technical Ideas in 
an Industrial Research Laboratory," A Master's Thesis, August, 1963. 

The chief purpose of this study was the investigation of the kinds of 
criteria which the personnel of one research and development laboratory empha- 
sized in their evaluation of technical ideas. It was assumed that these criteria 
were projective indicators of broader role orientations. The general hypothesis 
that there was both a professional-scientific as well as an organizational factor 
in the evaluation of a technical idea was examined via the use of a factor analy- 
sis. Two orthogonal dimensions were, in fact, delineated as the best solution 
to the factor problem. It was argued that one dimension was a professional- 
scientific factor while the other was an organizational factor. The theoretical 
implications of (1) the orthogonality property, and (2) the high loading on the 
professional factor of the items concerned with recognition from superiors were 
discussed. 
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In examining the relationship between the emphasis placed on professional 
and organizational criteria and other variables, comparisons were first made 
across organizational functions, ranks, and technical specialization. The major 
finding of this analysis was the substantially greater emphasis which the pro- 
fessionals placed on the professional factor than the managers. Moreover, when 
a discrepancy score was computed by subtracting a person's score on the profes- 
sional factor from his score on the organizational one, it was found that mana- 
gers had a quite different modal orientation than professional. While managers 
showed a very polarized orientation--considering organizational considerations 
very dominant--professionals tended to have a mixed orientation--giving both 
professional and organizational criteria equal weight. 

Finally, it was noted that managers as a group had been in the organization 
a considerably longer time than had the professionals. 
person's work perspective, as characterized by his factor scores, might be 
r e l a t e d  to his organizational age. The correlational analysis which was carried 
out found that this was the case: (1) the emphasis placed on the professional 
factor was negatively related to organizational age, while (2) the tendency to 
consider organizational considerations more important than professional ones is 
positively related to organizational age. 

This suggested that a 

* * * * * * * * * * * *  
64/18 Heiman, David R., "A Procedure for Predicting the Potential Success or 
Failure of an OR/MS Activity," A Master's Thesis, May, 1964. 

This thesis is a continuation of the Life Cycle Study of industrial 
operations research/management science groups. 
mentation phase" of an operations research activity is analyzed and a model 
is proposed for this phase. In addition, criteria for the success of operations 
research/management science groups are proposed and combined with the "implemen- 
tation phase model" to form a predictor. The model and the success criteria 
were then evaluated through brief case studies of eight industrial OR/m groups 
and depth studies of two other groups. 

The importance of the "imple- 

* * * * * * * * * * * *  
66/22 
Technological Innovations and Organizational Characteristics in Eight Railroads," 
A Master's Thesis, August, 1966. 

Lapp, Charles J., ','An Empirical Study of Some Relationships Between 

The author of this paper has attempted to bridge the gap between the 
environment in which railway organizations operate and characterisitcs of eight 
railway organizations. This paper consists of two parts: the first is a des- 
criptive study of the development of the principal railroad organizational struc- 
ture in use in the United States, of problems caused by this type of organization- 
al structure, and of some of the consequences of interactions between railroad 
organizations and the American economy. Part I concludes with a review of some 
of the governmental hurdles which must be cleared before a railway may innovate. 

Part I1 is an empirical study of eight railway organizations which inves- 
tigates relationships between organization factors such as age and education of 
their members, type of staff groups, and which attempts to relate these to inno- 
vation or adoption of new technology by that organization. 
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P o s i t i v e  c o r r e l a t i o n s  were found between average number of y e a r s  of  h ighe r  
educa t ion  and innova t ion  o r  i m i t a t i o n  (7.7),  and between pe rcen t  of personnel  
who graduated from c o l l e g e  and innovat ion o r  i m i t a t i o n  by t h e  o r g a n i z a t i o n  (8 .6 ) .  
A c o r r e l a t i o n  o f  .64 e x i s t s  between age of  o r g a n i z a t i o n  management personnel  
and innova t ion  o r  i m i t a t i o n  by t h e  o rgan iza t ion .  It was found t h a t  except  i n  
t r a f f i c  r e s e a r c h  t h e  m a j o r i t y  of the e i g h t  r a i l r o a d s  do not  g e n e r a l l y  engage 
i n  r e s e a r c h  and development i n  t h e  p r o j e c t s  s t u d i e d .  Only one of t he  r a i l r o a d s  
ma in ta ins  a p o l i c y  of f i r i n g  personnel ;  the same c a r r i e r  was a l eade r  i n  innovat ion.  

Based upon t h e  e i g h t  r a i l r o a d s  s t u d i e d ,  c h a r a c t e r i s t i c s  of an innova t ive  
r a i l r o a d  o r g a n z a t i o n  would inc lude  a r e l a t i v e l y  young, educated management who 
use c o n s u l t a n t s ,  engage i n  r e s e a r c h  and development work, and l a c k  a n  overwhelming 
f e e l i n g  of  " tenure."  
t i o n ,  on t h e  o t h e r  hand, would inc lude  an o l d e r ,  l e s s  educated manager who make 
l i t t l e  o r  no use  of  c o n s u l t a n t s ,  ma in ta in  no r e s e a r c h  and development work, and 
perhaps,  v a l u e  more complete j o b  s e c u r i t y .  

The c h a r a c t e r i s t i c s  of  a non-innovative r a i l r o a d  organiza-  

* * * * * * * * * * *  
65/15 Mar t in ,  Robert B.  " S t r u c t u r a l  Development of  a n  I n d u s t r i a l  Research and 
Development Laboratory,"  A M a s t e r ' s  Thes i s ,  August, 1966. 

Th i s  paper  examines 7% y e a r s  o f  change i n  t h e  formal s t r u c t u r e  of a l a r g e  
i n d u s t r i a l  r e s e a r c h  and development l abora to ry ,  r e l a t i n g  s t r u c t u r a l  change t o  
t h e  t a s k  o f  t h e  groups involved i n  the  change. The p r e d i c t i o n  t h a t  r e s e a r c h  
groups would tend t o  be smaller than  development groups was s t r o n g l y  supported 
by one measure of group s i z e  b u t  not  
t h a t  new development u n i t s  were more l i k e l y  t o  be formed by t h e  t r a n s f e r  of per-  
sonne l  from e x i s t i n g  development u n i t s  than were new r e s e a r c h  u n i t s ,  was a l s o  
supported.  
t o  t h e  group t a s k .  

supported by ano the r  measure. The p r e d i c t i o n  

Othe r  measures of  s t r u c t u r a l  change were r e l a t e d  i n  va ry ing  degrees  

* * * * * * * * * * *  
65/38 McCarthy. Dennis J .  "The Response Behavior of Firms Confronted by Market 
Crises," A M a s t e r ' s  T h e s i s ,  June ,  1965. 

T h i s  s t u d y  has  a t tempted t o  i n v e s t i g a t e  t h e  r e a c t i o n s  of  t he  f i rm ,  i n  terms 
o f  R and D behav io r ,  to  changes i n  t h e  market p l a c e .  Four f i rms  i n  a h i g h l y  
c o m p e t i t i v e  o l i g d p o l i s t i c  i n d u s t r y  were chosen as t h e  s u b j e c t s  of  t h i s  s tudy.  
A t o t a l  of  57 product  i nnova t ions ,  which were introduced i n t o  the  products  of 
t h e  I n d u s t r y  d u r i n g  t h e  p e r i o d  1952-1962, were cons ide red  as p o t e n t i a l  " c r i s i s "  
e v e n t s .  It was determined which of  t he  product  i nnova t ions  were perceived by 
t h e  f i r m s  as c r i s i s  e v e n t s .  The respondents  were t h e n  asked t o  d e s c r i b e  t h e  
behav io r  of t h e i r  f i r m  fo l lowing  the  i n t r o d u c t i o n  o f  each c r i s i s  e v e n t .  Th i s  
a l lowed t h e  a u t h o r  t o  c o n s t r u c t  r e l a t i o n s h i p s  between the  product  innovat ions 
p e r c i e v e d  as crisis e v e n t s  and t h e  subsequent r e a c t i o n s  of t h e  f i rms ,  which con- 
s i s t e d  of  a response even t  o r  set  of events .  P r o p o s i t i o n s  had been p r e v i o u s l y  
fo rmula t ed  t o  r e f l e c t  t h e  expected p a t t e r n  of  i nnova t ive  behavior  of t h e s e  f i r m s .  
The d a t a  d e s c r i b e d  above was analyzed t o  determine whether t o  accep t  or r e j e c t  
t h e  p r o p o s i t i o n s ,  o r  t o  c o n s i d e r  t h e  r e s u l t s  i nconc lus ive .  The c r i s i s - r e s p o n s e  
r e l a t i o n s  were f u r t h e r  ana lyzed ,  and it was determined t h a t  a number o f  t he  
f i r m s  appea red  t o  e x h i b i t  r e g u l a r  response behavior  p a t t e r n s ,  such as  t h e  fol lowing:  



1. None of  t h e  s u b j e c t  f i r m s  displayed a behavior  p a t t e r n  which was inde- 
pendent o f  t he  o t h e r  f i rms  i n  t h e  indus t ry .  A l l  o f  t h e  respondents  i n d i c a t e d  
a d e f i n i t e  awareness of the  innova t ive  behavior of t he  o t h e r  f i rms  i n  t h e  i n d u s t r y .  

2 .  A l l  of  t h e  f i r m s  i n  the  i n d u s t r y  e x h i b i t e d  a response behav io r .  That 
i s ,  every f i r m  perceived a t  least  one of  t h e  57 p roduc t s  i nnova t ions  as a c r i s i s  
event  and introduced a response even t .  Furthermore,  t he  respondents  r e p o r t e d  
t h a t  t h e  response e v e n t s  t h a t  were introduced wi th  the primary o b j e c t i v e  o f  
c o u n t e r a c t i n g  o r  removing the  perceived ( p o t e n t i a l  o r  a c t u a l )  t h rea t  t o  t h e  mar- 
k e t  p o s i t i o n  of t h e i r  f i rms.  

3 .  Each product  i nnova t ion  was eva lua ted  by each  of t h e  f i rms .  The f i r m s  
eva lua ted  some v a r i a b l e  ( o r  combination of  v a r i a b l e s )  s imilar  t o  market impact 
t o  determine whether a product  innovat ion c o n s t i t u t e d  a c r i s i s  e v e n t ,  and based 
on t h i s  e v a l u a t i o n  a d e c i s i o n  was made whether t o  in t roduce  a response e v e n t .  

4 .  A l a r g e  percentage nf t h e  product i nnova t ions  introduced by a f i r m  r e -  
s u l t  from the  compe t i t i ve  s i t u a t i o n .  Although the  o r i g i n  of  t he  product  inno- 
v a t i o n  was no t  s p e c i f i c a l l y  i n v e s t i g a t e d  i n  t h i s  s t u d y ,  t he  d a t a  i n d i c a t e  t h a t  
most of the f i rms i n  t h e  sample w i l l  tend t o  in t roduce  fewer innova t ions  as a 
n a t u r a l  r e s u l t  of  i t s  on-going r e s e a r c h  t h a t  i t  w i l l  i n  s p e c i f i c  response t o  
c r i s i s  e v e n t s .  

* * * * * * * * * * * *  
64/21 McMaster, Samuel B.  "Study of P r o j e c t  S e l e c t i o n  Techniques i n  and R & D 
Organizat ion,"  A Master 's  T h e s i s ,  June, 1964. 

I t  was the  purpose of t h i s  t h e s i s  t o  s tudy  t h e  p r o j e c t  s e l e c t i o n  p rocess  
i n  a small R & D o r g a n i z a t i o n .  
(1)  a h i s t o r i c a l  r e c o n s t r u c t i o n  of t he  decision-making p rocesses  as they e x i s t e d  
du r ing  t h e  t i m e  pe r iod  covered by t h e  s tudy  and (2)  t h e  p r e s e n t a t i o n  of p r o j e c t  
c a s e  h i s t o r i e s .  A l l  d i s c u s s i o n s  re la te  t o  t h e  end of t he  pe r iod  through December, 
1961. It i s  concluded t h a t  t h e  d e c i s i o n  making p rocess  f o r  p r o j e c t  s e l e c t i o n  
i s  not  formalized by c r i t e r i a  and formulae b u t  i s  of a more random n a t u r e .  

The f i r s t  p a r t  of  t h e  t hes i s  i s  concerned w i t h  

The second p o r t i o n  of the t h e s i s  p r e s e n t s  a b s t r a c t s  o f  a r t i c l e s  on t h e  
s u b j e c t  of  p r o j e c t  s e l e c t i o n  techniques which have been accumulated from the  
a v a i l a b l e  l i t e r a t u r e .  The a r t i c l e s  concern v a r i o u s  approaches t o  f o r m a l i z i n g  
the d e c i s i o n  making p rocess  u t i l i z i n g  mathematical  models, such as l i n e a r  pro- 
gramming, s t a t i s t i c a l  a n a l y s i s ,  matrix a l g e b r a ,  and d i scoun ted  cash  flow, as 
we l l  a s  simple numerical  r ank ing  systems. 

Pa r t  111 i s  concerned with the  d e t a i l e d  a p p l i c a t i o n  of s e v e r a l  p r o j e c t  
s e l e c t i o n  models chosen from the  l i t e r a t u r e  reviewed i n  P a r t  11. S e v e r a l  models 
from the  l i t e r a t u r e  reviewed i n  P a r t  I1 were s e l e c t e d  f o r  d e t a i l e d  a p p l i c a t i o n  
t o  t h e  Company R & D s i t u a t i o n  under s tudy .  Each model was d i s c u s s e d  w i t h  em- 
phas i s  placed on the type of model, t h e  d a t a  r e q u i r e d ,  and the  accu racy  o f  t h e  
d a t a .  After e s t a b l i s h i n g  a frame of r e f e r e n c e  f o r  t h e  Company f o r  a given p e r -  
iod i n  the p a s t ,  t he  e x i s t i n g  p r o j e c t s  a t  t h a t  t i m e  were t a b u l a t e d ,  and f i n a l l y  
the d a t a  was a p p l i e d  t o  each model. The R & D programs d e r i v e d  from each model 
were discussed and compared. The u s e f u l n e s s  of  each mode1 was reviewed. The 
numerical  r a t i n g  model was n o t  a n  economical approach whereas t h e  "product  value" 
model d i d  u t i l i z e  a n  economic a n a l y s i s .  The recommendation was made t h a t  t h i s  
l a t t e r  model be  considered as a d e c i s i o n  making t o o l  f o r  t h e  Company i n  i t s  Pro- 
j e c t  s e l e c t i o n  p rocess .  * * * * * * * * * * * *  
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6419 Murphv. Edward C .  "Some Re la t ionsh ips  Between R & D Organ iza t iona l  Change 
and Company Growth Rate i n  t h e  E l e c t r o n i c s  - Aerospace Indus t ry , "  A M a s t e r ' s  T h e s i s ,  
October , 1963. 

Th i s  s tudy  h a s  a t tempted t o  show some of t he  r e l a t i o n s h i p s  t h a t  e x i s t  
between R&D Organ iza t iona l  change and company growth rate.  Rather than t r y i n g  
t o  show c a u s a l  r e l a t i o n s h i p s  between these  f a c t o r s ,  t h e  s tudy  has  taken the 
approach of  t r y i n g  t o  show how f i rms  d i f f e r  with r e s p e c t  t o  them. 

Various c o n s t r a i n t s  on R&D e f f o r t  and r e s u l t s ,  such as: the  R&D s t r u c t u r e  
w i t h i n  t h e  f i rm;  type of  bus iness ;  f i n a n c i a l  r e s o u r c e s ;  and o t h e r s  a r e  d i s -  
cussed i n  t h e  t h e s i s .  These d i f f e r e n t  c h a r a c t e r i s t i c s  of  t he  f i r m  were com- 
pared w i t h  t h e  p a r t i c u l a r  type of  R&D changes t h a t  t h e  sample companies made. 
The s tudy  shows c e r t a i n  r e l a t i o n s h i p s  between company c h a r a c t e r i s t i c s  and R&D 
change q u i t e  c l e a r l y .  It i s  ev iden t ,  f o r  example, t h a t  t h e  small f i rms  depend 
on a c q u i s i t i o n  and merger For development of t e c h n i c a l  s k i l l s  much more than  
t h e  l a r g e r  f i rms .  Secondly,  it i s  shown t h a t  a g t e a t c r  percentage of l a r g e  f i rms  
( b o t h  commercial and government o r i e n t e d )  make changes t o  c o n s o l i d a t e  t h e i r  R6D 
t han  t h e  smaller f i rms .  Consider ing these  r e l a t i o n s h i p s  involving a c q u i s i t i o n ,  
e x t e n t  of R&D c o n s o l i d a t i o n  and s i z e  of bus iness ,  c e r t a i n  p a t t e r n s  of  growth 
evolved from t h e  d a t a .  A s  soon as a f i r m  f i n d s  i t  exped ien t  e i t h e r  LO a c q u i r e  
a company o r  merge with ano the r  f i rm,  t h e  p o l i c y  of d e c e n t r a i z a t i o n  seems t o  
emerge. When a c q u i s i t i o n  o c c u r s ,  t he  management of  most acqu i r ed  f i r m s  remains 
i n t a c t  and con t inues  t o  o p e r a t e  t h e  bus iness  as a d i v i s i o n  o r  s u b s i d i a r y .  The 
d a t a  shows f u r t h e r  t h a t  as t h e  companies grow and l e s s  a c q u i s i t i o n s  o r  mergers 
occur ,  t h e r e  t ends  t o  be a g r e a t e r  d e s i r e  f o r  c e n t r a l  r e s e a r c h  f a c i l i t i e s .  A s  
a c q u i s i t i o n  dec reases ,  between t h e  s m a l l  and l a r g e  f i r m s ,  t h e r e  tends t o  be a n  
i n c r e a s e  i n  R&D c o n s o l i d a t i o n  changes. 

* * * * * * * * * * * *  
63/15 P a n t i n ,  Mario D .  "A Study of the Role o f  S c i e n t i f i c  Research i n  t h e  Growth 
and Development of  t h e  L a t i n  American Coun t r i e s , "  A Maste r ' s  T h e s i s ,  October ,  1963.  

Th i s  t h e s i s  was undertaken t o  i n v e s t i g a t e  the  r o l e  of  s c i e n t i f i c  r e s e a r c h  
i n  the  development and growth of  t h e  La t in  American c o u n t r i e s .  A pre l imina ry  
s tudy  of t h e  r o l e  of  t e c h n o l o g i c a l  changes and of t h e  s c i e n t i f i c  r e s e a r c h  pro- 
c e s s  w a s  made. Based on t h i s  s tudy,  a s imple model was developed t o  show some 
of t h e  i n t e r r e l a t i o n s h i p s  between the economic development p a t t e r n  and the  
s c i e n t i f i c  r e s e a r c h  a c t i v i t i e s .  SON a s p e c t s  of t he  model were i s o l a t e d  and 
working hypotheses were formulated and t e s t e d ,  u s ing  t h e  information c o l l e c t e d  
concerning r e s e a r c h  i n  most of  t h e  L a t i n  American c o u n t r i e s .  

The r e s u l t s  of  t h e  s tudy  show t h a t  t h e  c o u n t r i e s  t h a t  are more i n d u s t r i a l -  
i zed  have a l a r g e r  number of r e s e a r c h  s c i e n t i s t s  p e r  m i l l i o n  i n h a b i t a n t s .  It 
was n o t  p o s s i b l e  t o  tes t  t h e  d i r e c t i o n  of c a u s a t i o n  between these  two v a r i a b l e s ,  
b u t  some evidence was found t o  show t h a t  t h e  r a t e  of i n d u s t r i a l i z a t i o n  a f f e c t s  
t h e  p a t t e r n s  of s c i e n t i f i c  r e s e a r c h  a c t i v i t i e s .  

The r e s u l t s  a l s o  show t h a t  t he  governments of the l e s s  developed c o u n t r i e s  
p l a y  a r e l a t i v e l y  l a r g e r  r o l e  i n  maintaining a s c i e n t i f i c  r e s e a r c h  c a p a b i l i t y .  
F i n a l l y ,  i t  was found t h a t  the c o u n t r i e s  t h a t  a r e  more i n d u s t r i a l i z e d  have a 
r e l a t i v e l y  l a r g e r  number o f  s c i e n t i s t s  conduct ing r e s e a r c h  i n  a r e a s  n o t  r e l a t e d  
to s g r i c u l t u r e .  

* * * * * * * * * * * * e  
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65/12 Pound, Will iam H.  "Communications, Eva lua t ions ,  and t h e  Flow of  Ideas  i n  
a n  I n d u s t r i a l  Research and Development Laboratory," A Ph.D. D i s s e r t a t i o n ,  J u n e ,  1966. 

Th i s  paper r e p r e s e n t s  a n  a t t empt  t o  d e s c r i b e  and t o  e x p l a i n  p a r t i a l l y  a 
process  c a l l e d  " idea fl-ow." Th i s  p rocess ,  which o p e r a t e s  i n  r e s e a r c h  and deve l -  
opment l a b o r a t o r i e s ,  c o n s i s t s  of  t h e  development, communication, and e v a l u a t i o n  
o f  s p e c i f i c ,  i d e n t i f i a b l e  ideas .  The process  begins  wi th  t h e  o r i g i n a t i o n  of  a 
s p e c i f i c  idea by a member of a l a b o r a t o r y ,  and "ends" w i t h  t h e  acceptance o r  
r e j e c t i o n  of  t h e  idea  by Someone i n  the l a b o r a t o r y  o r  p a r e n t  o r g a n i z a t i o n  wi th  
a u t h o r i t y  t o  make such d i s p o s i t i o n  d e c i s i o n s .  

Idea e v a l u a t i o n s  are made a t  a l l  l e v e l s  i n  t h e  l a b o r a t o r y ,  p r i m a r i l y  on 
o r g a n i z a t i o n a l l y  o r i e n t e d  c r i t e r i a ,  e . g . :  
o r  "be compatible with c u r r e n t  company p rodec t  l i n e s  and methods of  o p e r a t i o n . "  
Pe r sona l ly  o r i e n t e d  c r i t e r i a  r ece ived  l i t t l e  emphgsis (items such as ,  " p e r t a i n  
t o  my per sona l  i n t e r e s t s "  o r  "maintain my p r o f e s s i o n a l  r e p u t a t i o n  o u t s i d e  t h e  
l a b r s a t o r y " ) .  There was a markedly dec reas ing  p a t t e r n  of  agreement on c r i t e r i a  
going down success ive  l e v e l s  o f  t h e  l a b o r a t o r y  h i e r a r c h y .  

"provide a n e t  p r o f i t  t o  t h e  company,'' 

The most i n t e r e s t i n g  exp lana to ry  r e s u l t s  show the following: (1)  t h a t  an 
a c c u r a t e  p e r c e p t i o n  of  t h e  o b j e c t i v e s  and e v a l u a t i o n  c r i t e r i a  of a l a b o r a t o r y  i s  
a n  important s t imu lus  t o  t h e  product ion of  i d e a s ;  (2) chat  t h e r e  i s  a s i g n i f i -  
c a n t l y  important r e l a t i o n s h i p  between perceived i d e a  r e l evance  and a n  i n d i v i d u a l ' s  
d e c i s i o n  t o  communicate a p a r t i c u l a r  idea.  Communication d e c i s i o n s  cannot  be 
e n t i r e l y  exp la ined  on t h i s  b a s i s ,  however; (3)  t h a t  t h e r e  i s  s t r o n g  suppor t ,  as 
would be expected,  f o r  a r e l a t i o n s h i p  between perceived idea  r e l evance  and d i s -  
p o s i t i o n  d e c i s i o n s  (acceptance,  r e j e c t i o n ,  o r  no a c t i o n ) .  r e l a t i o n s h i p  was 
found between " o r i g i n a t o r ' s  agreement on c r i t e r i a  wi th  reviewers ,"  and t h e  l i k e -  
l ihood of t he  o r i g i n a t o r ' s  i d e a s  being accepted o r  r e j e c t e d .  F i n a l l y ,  (4)  t h a t  
the two r e s u l t s  i n  ( 3 )  appear t o  imply t h a t  i d e a s  cons ide red  good ( o r  bad) by 
t h e i r  o r i g i n a t o r s  w i l l  a l s o  tend t o  be judged good ( o r  bad) by r ev iewers ,  though 
f o r  somewhat d i f f e r e n t  r easons .  

* * * * * * * * * *  
64/10 
Large Decentral ized Companies," A Ph.D D i s s e r t a t i o n ,  August, 1964. 

Radnor Michael,  "The C o n t r o l  of  Research and Development by Top Managers o f  

Top Managerial Con t ro l  of R and D A c t i v i t i e s :  
o f  top managerial  pe rcep t ions  o f  t h e i r  R and D c o n t r o l  s i t u a t i o n ,  t h e  f a c t o r s  

A t h e o r e t i c a l  a n a l y s i s  was made 
- 

l e a d i n g  t o  such pe rcep t ions , and  t h e  form of t h e  c o n t r o l  r e sponses  t h a t  might 
be evoked. I n  t h i s  a n a l y s i s  t h e  R and D area was d e s c r i b e d  as being one which 
had LOW v i s i b i l i t y  f o r  most top managers, It  was t h e o r i z e d  t h a t  t h e  fo rma t ion  
of semi-autonomous s u b - u n i t s  would lead t o  c o n d i t i o n s  i n  which many top managers 
would pe rce ive  the  e x i s t e n c e  of  g o a l ,  a t t i t u d e  and a b i l i t y  d i f f e r e n c e s  between 
themselves and both t h e i r  d i v i s i o n  managers and t h e i r  c o r p o r a t e  r e s e a r c h  d i r e c t o r s .  

The responses a v a i l a b l e  t o  t h e  top manager were concerned wi th  t h e  d e s i g n  
o r  r edes ign  and t h e  d i r e c t  c o n t r o l  of the  o r g a n i z a t i o n a l  system, t h e  a l t e r a t i o n  
of  v i s i b i l i t y  l e v e l s ,  and goa l  changes.  These were d e s c r i b e d  i n  a c o n t r o l  model. 
The form of the c o n t r o l  response was s a i d  t o  be determined by the  fo l lowing  s e t  
of c o n d i t i o n s  a s  perceived by t h e  t op  Manager: 
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CBRS = F (FNC . PACS . PLOV) 

where, f o r  t he  top  manager i n  r e l a t i o n  t o  R and D a c t i v i t i e s :  

- CBRS r e p r e s e n t s  t h e  c o n t r o l  behavior response system. 
- PNC r e p r e s e n t s  t h e  perceived need t o  c o n t r o l  t h e  system. 
- PACS r e p r e s e n t s  t h e  perceived a b i l i t y  to c o n t r o l  t h e  system. 
- PLOV r e p r e s e n t s  t h e  perceived l e v e l  of v i s i b i l i t y  of  t he  behavior and 

performance of t h e  system. 

Three modes o f  c o n t r o l  were ca t egor i zed  as being a v a i l a b e  t o  the  top mana- 
g e r s .  These were d i r e c t  compliance demands, t h e  s t r u c t u r i n g  of t he  R and D 
d e c i s i o n  s i t u a t i o n  and t h e  r e g u l a t i o n  of  t he  d e c i s i o n p r e m i s e s  of  t he  R and D 
d e c i s i o n  makers. 

Data was oh ta ined  i n  top  managerial  a t t i t u d e s  and pe rcep t ions  concerning 
R and D c o n t r o l  problems and on t h e i r  con t ro l  behav io r s .  The execu t ives  a l s o  
supp l i ed  a series of  r a t i n g s ,  through a Q-sort  procedure, f o r  each d i v i s i o n  and 
c e n t r a l  l a b o r a t o r y  i n  t h e i r  companies, r e l e v a n t  t o  the  measurement of  t he  PNC, 
PACS and PLOV v a r i a b l e s  as above. Other  suppor t ing  d a t a  were obtaFned from pus- 
l i s h e d  and unpublished documents and from p rev ious  in t e rv i ews  a t  the companies. 
Th i s  d a t a  was used t o  i n v e s t i g a t e  t h e  top managerial  pe rcep t ions  concerning t h e  
R and D c o n t r o l  environment,  t h e  forms of t h e i r  r e sponses ,  and t o  provide,  a t  
t h e  sub-uni t  l e v e l ,  a p a r t i a l  t e s t  of  t he  con t ro l - r e sponse  theory.  

Support  w a s  found t o  v a l i d a t e  t h e  d e s c r i p t i o n  of  top managerial  perceDtions 
of  t h e i r  R and D c o n t r o l  s i t u a t i o n .  Strong p r e d i c t i v e  a s s o c i a t i o n s  were demonstrated 
between top  managerial  p e r c e p t i o n s  of  t h e i r  c o n t r o l  s i t u a t i o n  and the  type  o f  
c o n t r o l  response they made. 

Most t op  managers r e p o r t e d  us ing  compliance demands on d i v i s i o n  managers. 
Examples were: g i v i n g  d i r e c t  i n s t r u c t i o n s ,  making performance i n  R and D a p a r t  
of e v a l u a t i o n  c r i t e r i a ,  c a l l i n g  f o r  r e p o r t s  on R and D a c t i v i t i e s ,  and u t i l i z i n g  
c o r p o r a t e  r e s e a r c h  managers t o  a u d i t  d i v i s i o n a l  R and D. 
ance demands on c o r p o r a t e  r e s e a r c h  managers was found t o  be l e s s  p r e v a l e n t .  

Use of d i r e c t  compli- 

Examples were noted of  a t t e m p t s  t o  s t r u c t u r e  R and D d e c i s i o n  s i t u a t i o n s .  
An example w a s  t h a t  of  a l lowing  d i v i s i o n  managers t o  use  c o r p o r a t e  funds on 
f a v o r a b l e  terms t o  f inance  longe r  range o r  l a r g e r  R and D programs t h a t  they 
would n o t  normally undertake.  

Use o f  "premise r e g u l a t i o n "  was found t o  be p r e v a l e n t  a t  t h e  d i v i s i o n a l  
l e v e l .  S p e c i f i c a l l y ,  most companies had u t i l i z e d  e d u c a t i o n a l  programs t o  change 
the  t h i n k i n g  o f  t h e i r  d i v i s i o n  managers on R and D. 
t o  d i v i s i o n  manager s t a f f s .  
s e a r c h  managers was a l s o  p r e v a l e n t .  
changes i n  c o r p o r a t e  r e s e a r c h  managers, t h e r e  was a tendency t o  r e p l a c e  them 
wi th  commerically o r i e n t e d  men. 

Many had added "new blood" 
The use of premise r e g u l a t i o n  over  c o r p o r a t e  re- 

I n  cases where t h e r e  had been d e l i b e r a t e  

* * * * * * * * * * *  
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65/10 Ut te rback ,  James M. "Accuracy of  Percept ion  and E n c u l t u r a t i o n  of  Researchers  
i n  an  I n d u s t r i a l  Laboratory,"  A Mas te r ' s  T h e s i s ,  August ,  1965. 

Th i s  s tudy  involves  an a t tempt  t o  p r e d i c t  t h e  k inds  of i d e a s  f o r  r e s e a r c h  
and development p r o j e c t s  which w i l l  be accepted  by a n  o r g a n i z a t i o n .  
ques t ions  are  of  i n t e r e s t  i n  t h e  s tudy:  For  g iven  i d e a s ,  does t h e  "organiza t ion"  
use  d i f f e r e n t  c r i t e r i a  of  e v a l u a t i o n  than do i n d i v i d u a l s  i n  t h e  o r g a n i z a t i o n ?  
I f  such d i f f e r e n c e s  e x i s t ,  what p o s s i b l e  v a r i a b l e s  might e x p l a i n  them? 
what e f f e c t  could  such d i f f e r e n c e s  i n  c r i t e r i a  and o t h e r  v a r i a b l e s  have on i d e a  
gene ra t ion  and submission behavior  i n  i n d u s t r i a l  l a b o r a t o r i e s ?  

Seve ra l  

F i n a l l y ,  

Two v a r i a b l e s  r e l a t e d  t o  t h e  c r i t e r i a  of  judgment used by r e s e a r c h e r s  and 
by persons i n f l u e n t i a l  i n  t h e  s e l e c t i o n  of i deas  f o r  p r o j e c t s  are d e f i n e d .  
These a re  accuracy  of  p e r c e p t i o n  and e n c u l t u r a t i o n .  R e l a t i o n s h i p s  are hypothe- 
s i z e d  between these v a r i a b l e s  and the  number of  i d e a s  submi t ted  t o  the  o rgan i -  
z a t i o n  by an idea  o r i g i n a t o r ,  t h e  niimber of t h e s e  i d e a s  s e l e c t e d  f o r  r e s e a r c h  
p r o j e c t s ,  and the scope o f  i d e a s  s e l e c t e d  f o r  p r o j e c t s .  I n  a d d i t i o n ,  t h e  poss i -  
b l e  i n f luences  on t h e  above v a r i a b l e s  of  o r i g i n a t o r s '  e d u c a t i o n a l  l e v e l ,  c a r e e r  
a s p i r a t i o n s ,  o r g a n i z a t i o n a l  age ,  and p o s i t i o n  are d i scussed .  

- - -- 

A f i e l d  s tudy ,  c a r r i e d  o u t  i n  a small s p e c i a l t y  p roduc t s  company, i s  re- 
po r t ed .  This  s tudy  o f  t he  v a r i a b l e s  mentioned above and p o s s i b l e  r e l a t i o n s h i p s  
between them i s  exp lo ra to ry  i n  na tu re .  It i s  s u b j e c t  t o  a number of  l i m i t a t i o n s ,  
i nc lud ing  a smal l  number (20) o f  respondents ,  which a r e  d i scussed  i n  t h e  t e x t .  
An "index of o rde r  assoc ia t ior t "  i s  used t o  compute r e l a t i o n s h i p s  between obser -  
v a t i o n s  of  d i f f e r e n t  v a r i a b l e s .  No s t a t i s t i c a l l y  s i g n i f i c a n t  suppor t  was found 
f o r  the  proposed r e l a t i o n s h i p s  between accuracy  o f  p e r c e p t i o n  and e n c u l t u r a t i o n  
and number o r  scope of  i deas  s e l e c t e d .  P o s i t i v e  and s t a t i s t i c a l l y  s i g n i f i c a n t  
( . 01  l e v e l )  r e l a t i o n s h i p s  a r e  r epor t ed  between o r g a n i z a t i o n a l  p o s i t i o n  and 
o r g a n i z a t i o n a l  age.  Accuracy o f  pe rcep t ion  and e n c u l t u r a t i o n  a re  p o s i t i v e l y  and 
and s i g n i f i c a n t l y  r e l a t e d  t o  o r g a n i z a t i o n a l  age and p o s i t i o n  i n  t h e  s p e c i f i c  
o r g a n i z a t i o n  s t u d i e d .  P o s i t i v e  and s i g n i f i c a n t  r e l a t i o n s h i p s  between organiza-  
t i o n a l  p o s i t i o n  and number and scope o f  i d e a s  s e l e c t e d  a r e  d i s c u s s e d .  F i n a l l y ,  
i t  i s  i n t e r e s t i n g  t o  n o t e  t n a c  i n  the  o r g a n i z a t i o n  s t u d i e d ,  persons  who had a 
g r e a t e r  number of t h e i r  i d e a s  s e l e c t e d  a l so  had a g r e a t e r  p r o p o r t i o n  o f  i deas  
o f  broad scope wi th  r e s p e c t  t o  t h e  number of  t h e i r  i d e a s  s e l e c t e d  than  d id  per -  
sons having fewer ideas  s e l e c t e d .  The need f o r  f u r t h e r  s t u d y  of  t h e  q u e s t i o n s  
mentioned e a r l i e r  wi th  l a r g e r  sample s i z e s  and 'ove r  a pe r iod  of  t i m e  i s  d i s -  
cusses  a s  a u s e f u l  ex tens ion  o f  t h i s  r e s e a r c h .  

* * * * * * * * * * *  
65/35 Werner, David J .  "A S tudy  of t h e  Informat ion-Seeking  Behavior o f  Medical 
Researchers , "  A Mas te r ' s  T h e s i s ,  December, 19b5. 

This  paper i s  concerned w i t h  one a s p e c t  of  t h e  i n t e r a c t i o n  of  t h e  r e s e a r c  
and h i s  information-environment-- in format io*seeking  behav io r .  T h i s  p r o j e c t  
c o n s i s t e d  of  an exper imenta l  s t u d y  of t h e  in fo rma t ion - seek ing  behavior  o f  a 

ner 

small group of medical r e s e a r c h e r s .  The d a t a - g a t h e r i n g  technique  c o n s i s t e d  o f  
a v a r i a t i o n  of the  "diary" method. The p a r t i c i p a n t s  recorded  informat ion-seeking  
a c t i v i t y  by us ing  a te lephone-r imc r eco rde r  s y s t e m  developed f o r  t h i s  p r o j e c t .  
This  technique was suppl iemented by d i a r y  c a r d s  which pe rmi t t ed  t h e  s u b j e c t  t o  
i n d i c a t e  the pa th  of  a s e a r c h  by a series of  check marks. 

The experimental  f e a t u r e  c o n s i s t e d  o f  t h e  i n t r o d u c t i o n  of  a new in fo rma t ion  
s e r v i c e  which p rev ious ly  was n o t  a v a i l a b l e  t o  t h e  s u b j e c t s  and t h e  a t t empt  t o  
determine the e f f e c t s  of  t h e  servi-e upon t h e i r  i -nformation-seekine behavior .  



This  i n t r o d u c t i o n  of a new informat ion  s e r v i c e  from the  r e a l  world environment 
t o  determine i t s  e f f e c t  upon t h e  s u b j e c t ' s  behavior i s  termed an " o p e r a t i o n a l  
exper iment . 

The p r i n c i p a l  f i n d i n g s  of t h i s  s tudy  are:  
Most s ea rches  appear t o  be of a l imi t ed  scope a s  opposed t o  a broad 
'I 1 i t e r a  t ure sea rch  . 'I 
The type of in format ion  needed determines t h e  type of search ing  behavior .  
Informat ion  needs appear t o  va ry  w i t h  t h e  phase of t h e  r e s e a r c h  p r o j e c t .  
The i n t r o d u c t i o n  of a p r o f e s s i o n a l  in format ion  s p e c i a l i s t  a s  a personal  
s e r v i c e  f o r  a per iod  of t h r e e  weeks appears t o  a f f e c t  on ly  the sea rch ing  
behavior  o r i e n t e d  toward exhaus t ive  sea rches .  That i s ,  the  s p e c i a l i s t  was. 

. r eques t ed  t o  do " l i t e r a t u r e  searches"  r a t h e r  t han  t o  o b t a i n  in fo rma t ion  on 
a s p e c i f i c  problem. 

1. 

2. 
3 .  
4 .  

* * * * * * * * * * *  
6615 YounR. Earl "An Analys is  of Se lec t ed  S t r a t e g i e s  f o r  Organizing Research 
and Development i n  Developing Coun t r i e s  with Reference t o  Pol icy  and Planning 
Techniques, I n t e r n a t i o n a l  R e l a t i o n s ,  Manpower and Tra in ing ,  and Informat ion  
Requirements," A Mds te r ' s  T h e s i s ,  February,  1365. 

This  t h e s i s  i s  an e x p l o r a t i o n  of the s e t  of problems conf ron t ing  the deve- 
l op ing  c o u n t r i e s  i n  t h e i r  a t t empt s  t o  b u i l d  a s c i e n t i f i c  and t echno log ica l  
c a p a b i l i t y .  The a n a l y s i s  i s  made i n  terms of a gene ra l  flow model s i m i l a r  t o  
the one used i n  the  Program of Research on the Management of Research a t  North- 
wes te rn  U n i v e r s i t y .  The major t o p i c s  explored include s c i e n c e  p o l i c y ,  r e s e a r c h  
p lanning  i n  r e l a t i o n  t o  economic planning, i n t e r n a t i o n a l  s c i e n t i f i c  r e l a t i o n s ,  
manpower and t r a i n i n g  problems, and the flow of s c i e n t i f i c  in format ion .  

S c i e n t i f i c  o b j e c t i v e s  c o l l e c t e d  from p o l i c y  s t a t emen t s  have been c l a s s i -  
f i e d  t o  de te rmine  the  n a t u r e  of s c i e n t i f i c  g o a l s  i n  these  c o u n t r i e s .  S t r a t e -  
g i e s  f o r  e s t a b l i s h i n g  reserved  c a p a b i l i t i e s  a t  t h e  i n t e r n a t i o u a ; ,  r e g i o n a l ,  
and n a t i o n a l  l e v e l  have been i d e n t i f i e d  i n  o rde r  to determine the means used 
t o  o b t a i n  t h e s e  g o a l s  and t o  d e s c r i b e  s e l e c t e d  R and D p a t t e r n s  which appear t o  
be emerging. F i n a l l y ,  s e v e r a l  s ta tements  t h a t  can be o p e r a t i o n a l i z e d  a s  t e s t -  
a b l e  p r o p o s i t i o n s  have been c o l l e c t e d  and c l a s s i f i e d .  Major t r e n d s  noted and 
ana lyzed  inc lude :  the  major r o l e  played by the  n a t i o n a l  government i n  e s t a b -  
l i s h i n g  and c o n t r o l l i n g  s c i e n t i f i c  a c t i v i t i e s ;  t h e  growing importance of i n t e r -  
n a t i o n a l  r e l a t i o n s ;  t h e  widespread and s t r o n g  o r i e n t a t i o n  t o  economic develop- 
ment p r o j e c t s ;  and t h e  almost u n i v e r s a l  d e s i r e  t o  e s t a b l i s h  an indigenous 
s c i e n t i f i c  c a p a b i l i t y .  

* * * * * * * * * * *  
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